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FOREWORD 

The  California  drought  of  1976  and  1977  hit  Marin 
County  early  and  hard.   Marin  County  depends  largely  on  local 
streams  and  rainfall  for  its  water  supplies,  so  when  precipita- 
tion dropped  to  55  percent  of  normal  in  1976  and  48  percent  of 
normal  in  1977  the  County's  220,000  residents  were  faced  with 
shorter  water  supplies  than  almost  any  other  community  in  the 
State. 

In  1976,  dairy  and  livestock  ranchers  experienced 
high  production  costs,  lawns  withered  and  some  home  and  apart- 
ment owners  contracted  to  have  water  hauled  in  to  save  greenery, 
and  communities  on  the  County's  coast  drew  statewide  attention 
as  their  water  supplies  reached  the  critical  stage. 

In  1977,  the  water  shortage  in  Marin  County  attracted 
national  attention  as  reservoirs  almost  dried  up  and  water  ration- 
ing became  mandatory.   Private  citizens,  businesses,  and  govern- 
ment agencies  at  all  levels  employed  myriad  and  diverse  ways  of 
coping  with  the  crisis. 

The  situation  in  Marin  prompted  the  Department  of  Water 
Resources  to  take  an  in-depth  look  at  the  drought's  effects  there. 
Knowing  what  happened  in  Marin  County  could  help  other  areas 
faced  with  similar  problems.   In  the  summer  of  1976,  the  Depart- 
ment began  a  study  (1)  to  assess  the  response  of  the  citizens  of 
Marin  County  to  the  water  conservation  and  rationing  restrictions 
under  which  they  were  living  as  well  as  the  effectiveness  of  those 
restrictions  and  (2)  to  determine  the  incidence  and  extent  of 
drought-related  economic  and  social  costs  and  losses. 

This  bulletin  summarizes  the  results  of  that  study  and 
concludes  by  discussing  the  aftermath  of  the  drought,  particularly 
a  number  of  tough  issues  that  were  raised  by  the  severe  water 
shortage.   Detailed  analyses  of  the  data  have  been  compiled  in  an 
appendix  which  is  available  upon  request. 


lonald  B.  Robie,  Director 
Department  of  Water  Resources 
The  Resources  Agency 
State  of  California 
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CONVERSION  FACTORS 
Metric  to  Customary  System  of  Measurement 


Quantity 

Length 


Area 


Volume 


Flow 


Mass 

Velocity 

Power 

Pressure 

Specific 
capacity 

Concentration 

Electrical 
conductivity 

Temperature 


Metric  Unit 

millimetres  (mm) 

centimetres  (cm)  for  snow  depth 

metres  (m) 

kilometres  (km) 

square  millimetres  (mm^) 

square  metres  (m^) 

hectares  (ha) 

square  kilometres  (km^) 

litres    (I) 

mega  litres 

cubic  metres  (m^) 

cubic  metres  (m^) 

cubic  metres  (m^) 

cubic  dekametres  (dam-^ ' 

cubic  hectometres  (hm-') 

cubic  kilometres  (km-^) 

cubic  metres  per  second  (m^/s) 

litres  per  minute  (l/min) 

litres  per  day  (I/day) 

megaiitres  per  day  (Ml/day) 

cubic  metres  per  day  (m-^/day) 

kilograms  (kg) 

tonne  (t) 

metres  per  second  (m/s) 

kilowatts  (kW) 

kilopascals    (kPa) 

kilopascals  (kPa) 

litres  per  minute  per 
metre  drawdown 

milligrams  per  litre  (mg/l) 

microsiemens  per 
centimetre    (/(S/cm) 

degrees  Celsius    (°C) 


Multiply  by 

To  get  customary  equivalent 

0.03937 

inches  (in) 

0.3937 

inches  (in) 

3.2808 

feet  (ft) 

0.62139 

miles  (m) 

0.00155 

square  inches  (in^) 

10.764 

square  feet  (ft^) 

2.4710 

acres  (ac) 

0.3861 

square  miles  (mi^) 

0.26417 

gallons  (gal) 

0.26417 

million  gallons    (10^  gal) 

35.315 

cubic  feet  (ft^) 

1.308 

cubic  yards  (yd^) 

0.0008107 

acre-feet  (ac-ft) 

0.8107 

acre-feet  (ac-ft) 

0.8107 

thousands  of  acre-feet 

0.8107 

millions  of  acre-feet 

35.315 

cubic  feet  per  second  (ft^/s) 

0.26417 

gallons  per  minute  (gal/min) 

0.26417 

gallons  per  day  )(gal/day) 

0.26417 

million  gallons  per  day  (mgd) 

0.0008107 

acre-feet  per  day 

2.2046 

pounds  (lb) 

1.1023 

tons  (short,  2,000  lb) 

3.2808 

feet  per  second  (ft/s) 

1 .3405 

horsepower  (hp) 

0.145054 

pounds  per  square  inch  (psi) 

0.33456 

feet  head  of  water 

0.08052 

gallons  per  minute  per 

foot  drawdown 

1.0 

parts  per  million 

1.0 

micromho  per  centimetre 

(1.8  X  °C)  +  32 

degree  Fahrenheit    (°F) 
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CHAPTER  1.   INTRODUCTION 


Water  conservation  took  on  a  special 
meaning  throughout  California  in  1976 
and  1977.   Faced  with  critical  water 
shortages,  many  areas  adopted  water  con- 
servation programs,  and  in  some  communi- 
ties —  such  as  Marin  County  —  manda- 
tory rationing  was  imposed  as  early  as 
February  1976.  Marin  County,  where 
1975-1976  rainfall  brought  only  45  per- 
cent of  normal  reservoir  storage,  pro- 
vided an  excellent  opportunity  for 
observing  a  community's  response  to 
severe  drought. 

In  the  summer  of  1976,  the  Department 
of  Water  Resources  (DWR)  began  studying 
the  effects  of  the  water  shortage  in 
Marin  County.  Although  the  county  had 
experienced  minor  dry  periods  in  recent 
times,  1976  ushered  in  the  first  major 
drought  in  some  30  or  more  years.   The 
lessons  learned  will  have  important  ap- 
plication when  drought  recurs  in  the 
future. 

In  February  and  March  1977,  DWR  surveyed - 
water  users  within  the  Marin  Municipal 
Water  District  (MMWD)  and  all  nurseries 
and  livestock  ranchers  throughout  the 
county.   The  investigation  focused  on 
MMWD  because  the  majority  of  the  coxmty's 
population  resides  in  its  service  area 
and  it  provided  the  most  representative 
sample  of  urban  water  users  in  the  county 
(see  Figure  1) .   The  timing  of  the  sur- 
vey and  the  bulk  of  the  data  collected 
reflect  the  experiences  of  the  first 
year  of  drought  (1976)  and  initial  re- 
actions and  expectations  for  the  second, 
more  severe  year  of  drought. 

The  survey  was  accomplished  by  mall 
questionnaires  and  personal  interviews. 
Questionnaires  were  sent  to  a  randomly 
selected  20  percent  of  the  urban  water 
users  in  MMWD  and  all  of  the  nurseries 
and  livestock  ranchers  in  Marin  County. 
Personal  interviews  were  conducted  with 
administrative  personnel  from  selected 


cities,  schools,  and  other  public 
agencies. 

The  principal  objectives  of  the  survey 
were  to: 

1.  Document  MMWD's  experience  and  tech- 
niques for  handling  the  drought,  so 
other  districts  could  learn  from  them. 

2.  Gather  data  that  would  help  MMWD  and 
county  officials  shape  drought  poli- 
cies and  programs. 

3.  Describe  the  rationing  and  conserva- 
tion measures  adopted  by  MMWD,  when 
they  were  Implemented,  and  when  they 
were  altered  or  discontinued. 

4.  Determine  who  used  water  from  sources 
other  than  MMWD. 

5 .  Identify  the  various  conservation 
measures  and  techniques  adopted  by 
individual  users  and  find  out  which 
ones  were  most  popular. 

6.  Measure  the  effects  of  water  conser- 
vation on  outdoor  landscaping. 

7.  Determine  the  benefits  accrued  and 
the  costs  and  losses  suffered  by  the 
people  of  Marin  County  due  to  the 
drought. 

8.  See  how  effective  the  water  use  re- 
strictions and  conservation  measures 
employed  in  Marin  County  were  for 
different  categories  of  water  users. 

9.  Document  the  costs  and  losses  sus- 
tained by  livestock  farmers,  assess 
their  available  supplies,  and  iden- 
tify the  measures  they  used  to  sup- 
plement their  dwindling  water 
resources. 

The  format  of  this  report  follows  these 
objectives  in  general  sequence.   The  key 


findings  are  presented  in  Chapter  2  and  the  drought  on  residences,  businesses, 
the  measures  taken  to  combat  the  drought  and  livestock  ranchers  are  reviewed  in 
reported  in  Chapter  3.   The  effects  of      Chapters  4,  5,  and  6,  and  the  aftermath 

of  the  drought  is  reported  in  Chapter  7. 


CHAPTER  2.   FINDINGS 


The  major  finding  of  this  bulletin  is 
that  a  community  can  accommodate,  even 
prolonged  and  intense  drought  conditions. 
The  1976-77  plight  of  Marin  County  res- 
idents has  shown  that,  regardless  of 
water-using  habits  acquired  during  times 
of  plenty,  great  sacrifices  in  conve- 
nience and  comfort  can  be  made  by  com- 
munity members  when  the  reality  of  se- 
vere water  shortage  is  impressed  upon 
them. 

The  ability  of  individuals  to  creatively 
and  efficiently  cope  with  water  shortage 
is  unquestionable  in  light  of  Marin 
Coxmty's  drought  experience.   However, 
another  finding  of  this  bulletin  con- 
cerns the  means  by  which  community  mem- 
bers become  convinced  that  their  drought 
is  indeed  serious  enough  to  warrant 
sacrifices  such  as  Marin  County  residents 
made  in  1976-77.  Here,  this  study  ob- 
serves that  as  drought  worsened,  the 
citizens  of  Marin  County  responded  by 
conserving  increasing  amounts  of  water. 
Consumption  by  MMWD  customers  equalled 
the  District's  1976  rationing  schedule 
and  met  and  exceeded  the  considerably 
tougher  rationing  schedule  in  1977.   The 
community  became  convinced  of  the  seri- 
ousness of  the  drought  through  public 
awareness  programs,  public  meetings,  the 
media,  and  the  reality  of  increasingly 
stringent  water  conservation  and  ration- 
ing measures. 

Water  supply  policy  conclusions  can  be 
drawn  considering  the  facts  in  this 
bulletin.   Generally,  these  conclusions 
can  be  summarized  as  a  situation  where 
increasingly  severe  water  supply  condi- 
tions must  be  mitigated  by  increasingly 
severe  supply  policies.   Such  policies 
may  include  the  following  as  adopted  by 
MMWD:  bans  on  various  water  uses, 
rationing  allotments,  and  strict  water 
pricing  schedules. 


In  addition  to  water  conservation  and 
rationing,  MMWD  managers  had  to  work 
swiftly  and  locate  alternative  sources 
of  water  to  augment  dwindling  supplies. 
Use  of  reclaimed  water  and  a  teiiq)orary 
pipeline  bringing  water  across  the 
Richmond-San  Rafael  Bridge  were  welcome 
additions  to  reservoirs  and  lakes  that 
were  quickly  going  dry. 

The  media  played  an  important  role 
during  the  drought  by  explaining  to  the 
public  the  nature  of  the  drought  and  the 
conservation  measures  that  had  to  be 
taken.   MMWD  would  have  had  a  difficult 
time  justifying  its  drought  tactics  all 
by  itself.   This  mutual  reinforcement 
of  the  drought  message  helped  consider- 
ably in  raising  the  community's  drought 
consciousness.   The  media  promoted  water 
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A  sign  above  the  Marin  Municipal  Water 
District 's  offices  kept  water  users 
informed  on  how  well  their  water  con- 
servation efforts  were  progressing. 


conservation  in  various  ways.   For  exam- 
ple, the  Independent  Journal   offered  $25 
for  ingenious  water-saving  ideas  and 
then  publicized  them  in  the  paper. 

In  1976,  MMWD  customers  cut  back  their 
normal  water  consumption  by  25  percent 
in  accordance  with  a  district-wide 
rationing  program.   In  1977,  MMWD  cus- 
tomers decreased  their  consumption  by 
63  percent,  6  percent  more  than  the  57 
percent  reduction  that  was  then  mandated. 
A  reduction  of  this  magnitude  required 
a  lot  of  good  will,  ingenuity,  and 
sacrifices  by  most  everyone  in  Marin 
County.   The  most  important  specific 
findings  of  the  study  are  listed  below 
in  the  three  categories  of  water  users 
that  were  surveyed:  residences,  busi- 
nesses, and  livestock  ranchers. 

Residences 

Data  on  residential  water  consumption  is 
presented  for  single-family  dwellings 
and  multiple-family  dwellings  (duplexes 
and  apartments) .  Town  houses  and  condo- 
miniums were  excluded  from  consumption 
analysis  because  of  incomplete  data. 
The  year  1975  had  a  near-normal  rainfall 
and  is  used  as  a  normal  water  use  period 
for  comparison  (see  Table  1) . 

"*  Community  members  continually  re- 
appraised and  modified  their  out- 
door watering  practices  through- 
out the  drought.  As  drought 
worsened  and  landscapes  were  in- 
creasingly threatened,  community 
members  exhibited  increasing  will- 
ingness to  expend  time,  energy,  and 
money  to  avoid  landscape  losses. 

'  The  most  "practical  and  effective 
indoor  water-saving  measures" 
reported  by  respondents  to  DWR's 
survey  were  those  used  in  the 
bathroom.  Among  those  measures 
were  less  frequent  toilet  flushing 
and  reduction  in  frequency  of 
showers  and  baths. 

Community  members  were  actively 
adopting  water  conservation  prac- 
tices throughout  the  drought. 


However,  the  fact  that  most  mea- 
sures and  restrictions  occurred 
after  rationing  measures  were  in- 
stituted suggests  the  possibility 
that  active  indoor  as  well  as  out- 
door conservation  practices  may 
need  rather  strong  incentives  for 
implementation . 

"  Community  sentiments  on  controver- 
sial drought  policy  issues  appear 
to  be  equally  split  between  pro 
and  con  factions.  Thus,  develop- 
ing a  drought  policy  is  at  best  a 
"tightrope  walking"  situation  in 
that  policy  makers  may  have  diffi- 
culty finding  solutions  that  please 
a  majority  of  their  constituents. 

Residential  water  consumption  was 
found  to  be  affected  by  (1)  climate, 
(2)  the  number  of  people  in  a 
household  and  income-related  items, 
such  as  the  portion  of  lot  requiring 
water,  and  (3)  the  number  of  water- 
using  appliances  and  swimming  pools. 

Table  1.   AVERAGE  DAILY  PER  CAPITA 

CONSUMPTION  IN  LITRES 
(AND  GALLONS) 


Water  User 
Type 


1975 


1976 


1977 


Single  Family  A62  334  132 

Dwelling  (122)  (88)  (35) 

Multiple  Family  275  242  125 

Dwelling  (72)  (64)  (33) 


Businesses 

The  questionnaire  to  businesses  applied 
to  a  wide  spectrum  of  business  and  com- 
munity services  —  all  nonresidential 
metered  customers  of  MMWD.  Approximately 
7  percent  of  MMWD  ciistomers  fall  within 
this  broad  category,  accounting  for  28 
percent  of  the  District's  metered  con- 
sumption. Of  the  730  businesses  that 
were  surveyed,  211  responded. 

'     Many  businesses  could  not  meet 
the  57  percent  cutback  mandated 


in  1977  and  met  with  MMWD  managers 
to  have  their  allotments  increased. 

Public  services,  such  as  schools 
and  government  agencies,  under- 
took conservation  measures  earlier 
than  most  privately  owned  busi- 
nesses, thereby  reducing  their 
consumption  in  1976. 

"  As  shown  in  Table  2,  consumption 
for  businesses  overall  rose 
slightly  in  1976;  however,  by  1977 
their  consumption  had  decreased 
by  37  percent  of  what  it  had  been 
in  1975. 

"*  Most  businesses  experienced  little 
or  no  change  in  labor  force,  aside 
from  labor  employed  in  landscape 
maintenance. 

"  As  was  the  case  for  residents,  most 
conservation  measures  adopted  by 
businesses  were  implemented  in  1977 
after  stringent  rationing  went 
into  effect. 

Where  business  revenues  are  directly 
related  to  water  use,  as  in  the 
case  of  motels  and  laundries,  less 
of  a  reduction  in  water  consumption 
was  found  (see  Table  3) . 

Livestock  Ranchers 

Livestock  ranchers  in  west  Marin  County 
were  hard  hit  by  the  drought,  during 
which  their  lands  received  in  2  years 
less  than  75  percent  of  the  rainfall 
normally  received  in  just  1  year.  Acute 
feed  and  water  shortages  developed  on 
many  ranches  in  the  early  spring  of 
1976,  following  the  first  dry  winter. 
Some  ranchers  started  hauling  in  water 
as  early  as  February  of  1976. 

Marin  County  helped  ranchers  through  the 
drought  by  setting  up  emergency  feed  and 
water  hauling  programs.  The  first 
emergency  hauling  program  ran  from 
September  1976  to  April  1977  and  the 
second  from  April  1977  to  the  end  of  the 
drought  in  early  January  1978.  The  re- 
sponse to  the  Department's  questionnaire 


Table  2.   AVERAGE  DAILY  CONSUMPTION 

FOR  BUSINESSES 
IN  LITRES  (AND  GALLONS) 


1975 


1976 


1977 


14  482 
(3,826) 


15  347 
(4,054) 


9  146 
(2,416) 


Table  3. 

AVERAGE  DAILY  PER  CAPITA 
CONSUMPTION  IN  LITRES  (AND 
GALLONS)  BY  BUSINESS  TYPE 

Business 
Type 

1975 

1976 

1977 

Restaurants    4  754 
(1,256) 

5  084 
(3,728) 

2  739 
(2.649) 

Motels 

10  263 
(2,711) 

11  648 
(3,077) 

8  902 
(2,352) 

Laundries 

13  994 
(3,697) 

14  112 
(3,728) 

10  027 
(2.649) 

Schools 

11  090 
(2,930) 

7  611 
(2,011) 

6  446 
(1,703) 

Government 
Agencies 

5  265 
(1,391) 

3  266 
(863) 

1  739 
(460) 

in  February-March  1977  substantiated  the 
ranchers'  need  for  drought  assistance 
and  provided  the  kind  of  data  necessary 
to  obtain  federal  drought  aid  from  the 
U.  S.  Departments  of  Agriculture  and 
Labor  and  the  Small  Business  Administra- 
tion.  The  information  obtained  in  the 
survey  was  also  used  to  design  the 
scope  of  water  deliveries  in  the  County's 
second  emergency  water  hauling  program 
through  1977. 

In  all.  more  than  155  000  cubic  metres 
(41  million  gallons)  of  water  were 
hauled  to  ranchers.  At  the  peak  of  the 
second  program  in  November  1977,  1  325 
cubic  metres  (350.000  gallons)  were 
hauled  daily  to  53  ranchers  and  16 
domestic  users  short  of  water.   Expendi- 
tures for  water  hauling  totaled  $484,270, 
with  the  County  absorbing  54  percent  of 
the  hauling  costs,  the  Federal  Govern- 
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ment  37  percent  (through  the  Comprehen- 
sive Employment  Training  Act) ,  and  the 
ranchers  9  percent. 

In  addition,  120  of  the  141  ranchers  In 
the  County  received  a  total  of  $900,000 
in  grants  to  help  pay  for  fodder  pur- 
chased during  the  drought.   Additional 


grants  of  $58,000  were  made  to  34 
ranchers  to  Improve  farm  water  supplies. 
Ranchers'  indebtedness  attributable  to 
the  drought  exceeded  $1,000,000.   Seven- 
teen of  the  68  ranchers  responding  to 
the  questionnaire  were  confident  they 
could  continue  operations  without  some 
form  of  financial  assistance. 


The  ranches  of  Marin  County  were  one  of  the  firet  economic  sectors  to  feel  the 
effects  of  the  drought.  The  usually  lush  pastures^  a  main  source  of  livestock, 
fodder t  dried  up  when  the  normal  winter  rains  did  not  come. 


CHAPTER  3.   MEASURES  TAKEK  TO  COMBAT  THE  DROUGHT 


The  residents  of  Marin  County  struggled 
through  1976  with  a  low-key  water  ration- 
ing program  and  a  high  hope  that  the 
coming  winter  would  bring  the  needed 
rain.   When  the  rain  didn't  come,  the 
Marin  Municipal  Water  District  stepped 
up  its  rationing  program  and  began  ex- 
ploring ways  to  obtain  additional  water, 
including  such  imaginative  but  ultimately 
infeasible  ideas  as  floating  large  rub- 
ber bags  full  of  water  down  the  coast, 
shipping  water  on  barges  from  the  State 
of  Washington,  and  borrowing  portable 
desalting  units  from  the  U.  S.  Navy. 

The  solution  did  not  lie  underground 
either,  because  the  district  had  spent 
$185,000  drilling  wells  without  discover- 
ing any  significant  amounts  of  ground 
water. 

However,  a  pipeline  across  the  Richmond- 
San  Rafael  bridge  proved  to  be  the  most 
important  adjunct  to  the  rationing  pro- 
gram, along  with  trucking  in  reclaimed 
and  potable  water  and  graywater  use.* 
The  pipeline,  the  planning  and  construc- 
tion of  which  was  negotiated  by  the 
Department  of  Water  Resources,  provided 
an  average  of  50  percent  of  district- 
wide  consumption  during  the  period  it 
was  used  and  as  much  as  74  percent  during 
September  1977. 

Water  Rationing 

MMWD's  water  supply  is  obtained  from 
rainfall  on  two  watersheds  of  approxi- 
mately 23  square  kilometres  (28  square 
miles)  and  stored  in  a  series  of  five 
lakes.   The  supply  is  thus  particularly 
sensitive  to  rainfall.  Although  MMWD's 
water  supply  system  was  designed  to  ac- 
commodate normal  dry  periods,  it  was  not 
adequate  for  the  1976-77  drought. 


Faced  with  the  complex  problem  of  re- 
ducing water  consumption  to  levels  com- 
mensurate with  available  supply,  MMWD 
explored  numerous  approaches  to  the 
problems  of  water  shortage  in  1976  and 
1977.   To  be  effective,  a  rationing 
program  would  have  to  quickly  decrease 
district-wide  consumption  as  well  as 
create  only  minimal  hardships  for  water 
consumers.  MMWD  management  (in  conjunc- 
tion with  the  media)  carefully  deline- 
ated the  options  for  stretching  the 
limited  water  supplies. 


*Potable  water  is  any  water  that  is 
drinkable,  and  graywater  is  any  house 
waste  water  except  toilet  water. 


As  the  drought  oontinuedt   aracked  earth 
appeared  where  water  should  have  been  in 
Nioasio  Reservoir,  above,   and  in  the  four 
other  MMWD  storage  reservoirs   —  Lagunitas, 
Bon  Tempe,  Alpine,  and  Kent.     The  total 
aapaaity  of  these  five  reservoirs  is 
64,480  aubia  dekametres   (52,440  aore-feet). 


In  1976,  MMWD  adopted  a  mandatory  ra- 
tioning program,  the  principal  thrust  of 
which  was  to  reduce  peak  water  use  In 
the  summer  months  by  25  percent.   Pro- 
hibited were  "nonessential"  uses  such 
as  watering  with  sprinkler  systems, 
hosing  hard  surface  areas,  washing 
vehicles,  and  filling  swimming  pools. 
Variances  were  granted  for  health  and 
safety  reasons  and  sprinkler  permits 
were  available  to  certain  Institutional 
and  commercial  customers  with  large 
Irrigation  requirements. 

As  the  drought  intensified  and  water 
supply  conditions  worsened  in  1977,  ele- 
ments of  the  rationing  scheme  were 
changed.   Stringent  rationing  effective 
February  1,  1977,  set  a  per  capita  water 
allotment  without  restrictions  on  how 
the  water  could  be  used.   As  Figure  2 
shows,  the  allotment  was  185  litres 
(49  gallons)  a  day  per  person,  or  less, 
depending  on  the  number  of  people  living 
in  a  single  residence.   This  rationing 
required  a  57  percent  reduction  in  nor- 
mal consumption.   Table  4  presents  a 
summary  of  the  principal  elements  of  the 
rationing  programs  as  they  evolved  since 
February  11,  1976,  including  water  rate 
Increases. 


Despite  the  severity  of  the  water  short- 
age situation  In  1977,  MMWD  remained 
flexible  and  responsive  to  its  customers. 
Informational  newsletters  were  sent  to 
customers  describing  the  rationing  pro- 
gram and  emergency  water  supply  possi- 
bilities.  Rationing  information  included 
water  consumption  estimates  in  gallons 
per  minute  of  common  household  fixtures 
and  appliances.   These  figures  gave  cus- 
tomers an  idea  of  what  water-using 
behaviors  or  methods  could  be  modified 
to  conserve  water.   Customers  were  al- 
lowed a  2-month  penalty-free  learning 
period  after  February  1,  1977,  to  monitor 
their  water  use  and  alter  water-using 
habits.   Water-banking  was  Implemented 
in  the  summer,  allowing  residents  credit 
for  allotted  water  not  used.   Other 
services  to  customers  included  leak  re- 
pair and  meter  reading  instruction. 

Water  use  in  the  service  area  was  sub- 
ject not  only  to  stringent  rationing 
restrictions,  penalties,  and  other  in- 
centives curbing  water  consumption,  but 
simultaneously  to  an  intensive  education 
and  retrofit  program  and  campaign  to  con- 
serve water.   Retrofitting  is  mechanical- 
ly reducing  water  usage  of  an  installed 
fixture  without  materially  affecting  its 


Many  Marin  reaidente  inetalled  retrofit  devices  in  their  toilets  and  showers^ 
and  thousands  of  households  received  kits  with  instructions  on  water-saving 
■practices . 


Figure  2.  WATER  RATIONING  ALLOTMENTS 

(Effective  February  1,  1977) 

Single-Family  Residence  or  Duplex 

The  allotment  for  a  single-family  residence  or  duplex  is  based  on  the 
number  of  persons  residing  in  that  unit  (for  at  least  6  months  during 
1977).   The  number  of  persons  in  the  unit  is  multiplied  by  the  corre- 
sponding rate  of  water  use  in  litres  (or  gallons)  per  person  per  day  as 
shown  in  the  following  diagram. 

For  example,  a  four-person  household  would  be  alloted  approximately  lAO 
litres  (37  gallons)  per  person  per  day,  or  a  total  daily  household  allot- 
ment of  560  litres  (148  gallons). 
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Apartments  (3  or  more  units) 

The  allotment  for  three  or  more  residential  units  (apartment  complex)  is 
based  on  the  average  number  of  persons  per  unit  (census  taken  by  apartment 
owner)  multiplied  by  the  number  of  units. 

Businesses  (all  other  uses) 

All  other  uses  (business  and  commercial) :  57  percent  reduction  from  normal 
use,  which  is  equivalent  to  a  reduction  of  48  percent  of  1976  water  use. 
This  was  changed  to  35  percent  of  1976  in  June  1,  1977,  when  the  pipeline 
across  the  Richmond-San  Rafael  Bridge  was  put  in. 


Table  4.   SUMMARY  OF  RATIONING  ORDINANCES  BY  MARIN 
MUNICIPAL  WATER  DISTRICT  IN  1976  AND  1977 


Effec- 
tive 
Date 

Rate  Change  per 
2.8  cubic  metres 
(100  cubic  feet) 

Water-use  Restrictions/Penalties 

Previous 
Rate 

New 
Rate 

1976 

2/11 

Prohibition  of  waste,  nonessential  uses  (gutter  flooding) 

3/1 

$0.43 

$0.61 

Initial  drought  rate  ($4  meter  charge) 
Prohibition  of  nonessential  uses: 

1.  Sprinkler  systems:   hand-held  hose  only. 

2.  Washing  or  hosing  of  hard-surfaced  areas  and  motor 
vehicles  except  with  11-litre  (3-gallon)  container. 

Disconnection  of  service  after  two  warnings  and  installa- 
tion of  a  flow  restrictor  at  the  meter. 

4/28 

Prohibition  of  filling  any  swimming  pool  emptied  on  or 
after  April  29. 

7/28 

$0.61 

$0.61/ 
0.84* 

*Two-step  (peak  load)  residential  rate  structure:   $0.61 

up  to  bimonthly  usage  ceilings  established  for  residential 

classes. 

$0.84  for  water  usage  in  excess  of  these  usages. 

Filling  of  any  new  swimming  pool  prohibited. 

1977 

2/1 

$0.61/ 
0.84 

$1.22 

Rationing  rate 

Penalty  rate  structure: 

$10  per  2.8  cubic  metres  (100  cu.  ft.)  used  in  excess  of 

allotments — up  to  twice  said  allotment. 

$50  per  2.8  cubic  metres  (100  cu.  ft.)  in  excess  thereof. 

Bimonthly  usage  allotments  established  for  each  class 

of  water  user. 

Noncompliance  to  result  in  service  disconnection  and 

installation  of  flow  restrictor. 

General  Manager  may  grant  variances  or  adjust  allotments. 

6/1 

Bimonthly  usage  allotment  to  nonresidential  users 
increased. 

7/1 

Rules  for  noncompliance  were  eased — no  restrictors 
installed. 

8/1 

$1.22 

$1.34 

Rationing  rate  (10  percent  inflationary  increase) 

10/1 

$1.34 

$1.87 

For  consumption  over  11.3  cubic  metres  (400  cubic  feet) 
an  additional  $0.53  per  2.8  cubic  metres  (100  cubic  feet) 
pipeline  charge  is  levied  to  pay  for  pipeline  conveying 
water  across  the  Richmond-San  Rafael  Bridge. 

NOTE: 


In  February  1978,  penalty  rates  were  removed  and  an  interim  rate  of  $0.87 
per  2.8  cubic  metres  (100  cubic  feet)  established. 
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function.   Conimunity  and  media  efforts 
heightened  the  awareness  of  the  water 
shortage  and  the  need  to  conserve,  and 
communicated  various  ways  of  saving  water. 

News  of  the  rationing  program  spread  far 
beyond  the  borders  of  Marin  County. 
Rationing  and  conservation  measures 
instituted  by  MMWD  were  adopted  by  other 
water  supply  agencies  throughout  the 
State  as  the  drought  worsened.   As  men- 
tioned above,  MMWD  set  a  water  conserva- 
tion target  of  25  percent  below  normal 
for  1976  and  57  percent  below  normal  for 
1977.  The  comparison  of  actual  water 
consumption  throughout  the  district  and 
the  consumption  levels  set  as  targets 
for  the  different  rationing  programs  em- 
ployed in  1976  and  1977  is  displayed  in 
Figure  3.   The  figure  shows  actual  con- 
sumption over  the  two  calendar  years  and 
approximate  normal  consumption  for  com- 
parison. 

In  1976,  actual  consumption  corresponded 
with  planned  consumption,  representing 
the  25  percent  reduction.   However,  the 


most  compelling  story  represented  by 
Figure  3  is  that  actual  consumption  in 
1977  was  lower  even  than  the  57  percent 
below  normal  called  for.   The  actual 
reduction  in  consumption  achieved  in 
1977  amounted  to  a  63  percent  reduction 
from  normal. 

Figure  4  shows  the  drastically  reduced 
runoff  from  the  Lagunitas  and  Nicasio 
watersheds,  the  major  source  of  water 
for  MMWD. 

During  the  drought,  water  storage  dropped 
as  consumption  and  evaporation  far  ex- 
ceeded reservoir  replenishment.   Figure 
5  shows  how  reservoir  storage  began  to 
fall  in  1975  and  continued  falling 
through  1976.  It  also  shows  a  leveling 
off  of  storage  in  1977.   Water  storage 
remained  stable  beginning  in  February 
1977,  when  stringent  rationing  went  into 
effect.   This  stability  reflected  the 
effectiveness  of  the  rationing  program 
in  reducing  consumption,  and  the  de- 
livery of  water  via  an  emergency  pipe- 
line across  the  Richmond-San  Rafael 
Bridge  beginning  in  June  1977. 
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Figure  3.  WATER  CONSUMPTION-MARIN   MUNICIPAL  WATER  DISTRICT 
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Pipeline  to  Marin  County 

In  their  search  for  a  reliable  alternate 
source  of  water,  MMWD  managers  met  with 
officials  of  other  water  districts  as 
well  as  officials  from  the  State  Depart- 
ment of  Water  Resources.   State  officials 
acted  as  facilitators  in  bringing  various 
water  districts  to  an  agreement  by  which 
water  could  be  transported  to  Marin 
County  from  the  State  Water  Project  (SWP) 
through  existing  facilities. 

As  a  result,  the  Metropolitan  Water 
District  of  Southern  California  agreed 
in  February  1977  to  reduce  its  demands 
on  the  SWP  by  up  to  500  000  cubic  deka- 
metres  (400,000  acre-feet).   The  water 
thus  freed  for  use  elsewhere  was  made 
available  to  agricultural  users,  mainly 
in  the  San  Joaquin  Valley,  and  to  San 
Francisco  Bay  Area  urban  users.   MMWD 
was  the  principal  urban  beneficiary  of 
this  water. 


Thie  610-millimetre   (24-inoh)  pipe 
carried  water  from  the  SWP  across  the 
Richmond-San  Rafael  Bridge  to  Marin 
County  in  1977 ^   easing  the  drought  in 
the  County  's  urban  eastern  section. 


A  complicated  water  transfer  scheme  was 
worked  out.   The  Department  of  Water 
Resources  provided  water  from  its  South 
Bay  Aqueduct  and  delivered  it  into  San 
Francisco's  San  Antonio  Reservoir  near 
Sunol.   San  Francisco  stored  and  treated 
the  water  and  delivered  it  to  Hayward 
for  transmission  through  Hayward 's 
facilities  to  the  East  Bay  Municipal 
Utilities  District  service  area.   East 
Bay  MUD  constructed  a  connecting  facil- 
ity and  delivered  an  equivalent  amount 
of  water  to  a  pumping  plant  constructed 
by  MMWD  in  Richmond  near  the  easterly 
terminal  of  the  Richmond-San  Rafael 
Bridge.   The  Department  of  Transporta- 
tion agreed  to  the  use  of  a  lane  on  the 
bridge  for  the  placement  of  a  pipeline, 
installed  by  MMWD,  conveying  water  to 
Marin's  existing  facilities  near 
San  Rafael. 

The  first  SWP  water  began  flowing  into 
San  Antonio  Reservoir  on  April  4,  1977. 
The  first  water  through  the  pipe  ar- 
rived in  San  Rafael  on  June  7,  1977. 
With  the  pipeline,  MMWD  water  users  were 
able  to  get  through  the  remainder  of  the 
drought,  conserving  more  than  the  57  per- 
cent mandatory  rationing  program  demanded 
of  them. 

Although  MMWD  contracted  for  13  300  cubic 
dekametres  (10,800  acre-feet),  only 
5  667  cubic  dekametres  (4,595  acre-feet) 
was  actually  used  before  drought- 
breaking  rains  fell  in  December  1977 
and  January  1978.  The  total  cost  of  the 
water  taken  by  MMWD  was  $538,596, 


Reclaimed  Water 

Waste  water  reclamation  became  a  part 
of  MMWD's  total  water  supply  system  in 
March  1976.   At  that  time,  the 
San  Francisco  Regional  Water  Quality 
Control  Board  and  the  State  Department 
of  Health  Services  issued  a  permit  al- 
lowing reclaimed  water  to  be  trucked 
from  three  local  sewage  treatment  plants 
for  nonresidential  landscaping  and  con- 
struction use.  As  rationing  restric- 
tions increased  in  1977,  a  second  permit 
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signs  announced  the  use  of  veotaimed 
water  for  landsoaping  at  the  Marin  County 
Civic  Center  in  San  Rafael.     The  center 
was  designed  by  Frank  Lloyd  Wright. 

was  Issued  allowing  reclaimed  water  of 
a  higher  quality  to  be  used  for  residen- 
tial irrigation  as  long  as  rationing 
restrictions  were  in  effect. 

Under  the  first  permit,  nine  hundred 
drivers  were  licensed  to  haul  the  re- 
claimed water,  which  they  obtained  free 
of  charge  and  sold  to  the  public  and 
private  sectors  for  a  penny  or  two  a 
litre  (4  to  9  cents  a  gallon) .  Pre- 
cautions were  taken  to  insure  the  water 
was  used  for  irrigation  only. 

Forty-five  million  litres  (12  million 
gallons)  of  reclaimed  water  were  used 
in  the  first  year  of  the  drought  and  190 
million  litres  (50  million  gallons)  in 
the  second  year,  mostly  for  nonresidential 
landscapes  at  schools,  parks,  and  com- 
mercial establishments.  Using  reclaimed 
water  for  maintaining  lawns  and  gardens 
became  more  widely  accepted  by  Marin 
County  residents  due  to  the  drought 
experience.  Ninety-four  percent  of  the 
households  responding  to  DWR's  survey 
Indicated  they  would  be  willing  to  use 


reclaimed  water  for  irrigation  if  it 
were  available. 

The  reclaimed  water  used  for  residential 
irrigation  during  1977  under  the  second 
permit  was  obtained  from  the  Las  Gallinas 
Project,  a  water  reclamation  facility 
being  developed  by  MMWD.   This  facility 
gets  secondary-treated  municipal  waste 
water  from  the  Las  Gallinas  Valley 
Sanitary  District.   This  reclaimed  water 
was  sold  to  truckers  for  $1  per  3  785 
litres  (1,000  gallons).   The  Las  Gallinas 
project  is  going  through  various  design 
and  planning  stages,  each  of  which  must 
be  approved  according  to  the  State  Water 
Resources  Control  Board's  clean  water 
grant  process.  During  the  drought, 
temporary  above-ground  lines  were  in- 
stalled to  meet  the  needs  of  several 
large  users,  such  as  McGuiness  Park  and 
the  Las  Gallinas  Golf  Course. 

The  Las  Gallinas  Project  is  scheduled 
to  be  completed  by  the  end  of  the  sum- 
mer of  1979.   Its  peak  capacity  will  be 
about  3  800  000  litres  (one  million 
gallons)  per  day  or  1  357  cubic  deka- 
metres  (1,100  acre-feet)  per  year.  How- 
ever, the  facility  will  probably  average 
500  to  600  cubic  dekametres  (400  to  500 
acre- feet)  per  year  depending  on  demands. 
The  system  is  planned  to  provide  water 
lines  paralleling  fresh  water  lines  in 
some  new  developments.  Treated  water 
from  the  Las  Gallinas  Project  may  be 
used  for  irrigating  parks  and  landscap- 
ing for  businesses,  highways,  and  resi- 
dental  areas  consisting  of  multiple 
dwellings  where  irrigation  is  not 
directly  controlled  by  residents.  Re- 
claimed water  will  be  sold  at  95  percent 
of  the  price  of  fresh  water  to  provide 
an  incentive  to  the  consumer. 

The  future  success  of  Las  Gallinas  and 
similar  projects  is  still  uncertain. 
The  Department  of  Health  Services  re- 
vised the  regulations  on  the  use  of  re- 
claimed waste  water  on  October  22,  1978. 
The  quality  standards  were  raised, 
limiting  the  use  of  water  from  projects 
such  as  Las  Gallinas.  The  project  is 
currently  operating  under  a  discharge 
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permit  that  was  Issued  before  the  new 
regulations  went  into  effect.  Project 
managers  are  undecided  on  whether  to 
continue  supplying  water  to  a  limited 
number  of  customers  or  to  upgrade  the 
effluent  from  the  project  to  meet  the 
new  regulations  and  increase  the  number 
of  customers  that  can  use  the  treated 
water . 

Potable  Water  Hauling 

While  urban  residents  and  commercial 
developments  were  trucking  reclaimed 
water  for  irrigation,  residents  and  live- 
stock farmers  of  rural  areas  in  West  and 
North  Marin  were  hauling  potable  water 
to  take  the  place  of  wells,  creeks,  and 
ponds  that  had  dried  up. 

The  potable  water  was  supplied  by  the 
North  Marin  County  Water  District  and 
the  City  of  Petaluma  Water  Department. 
Private  trucking  companies  and  some 
ranchers  obtained  the  water  from  vari- 
ous hydrants  and  delivered  it  to  custo- 
mers. The  costs  to  the  consumers  for 
hauling  the  water  were  so  great  that  the 
Marin  County  Board  of  Supervisors  author- 
ized a  county-funded  hauling  program. 
Residents  and  ranchers  who  took  water  on 
a  regularly  scheduled  basis  paid  18 
cents  per  1.6  kilometre  (1  mile)  for  the 
hauling,  which  was  supeirvised  by  the 
County  Department  of  Public  Works.  The 
water  was  paid  for  by  the  customers. 
Many  small  users  did  not  take  advantage 
of  this  program,  since  not  all  had 
storage  tanks  large  enough  to  accommo- 
date bulk  loads. 

Graywater 

Graywater  was  another  alternate  source 
of  water  that  many  Marin  County  resi- 
dents turned  to  during  the  drought. 
;«Table  5  shows  the  percentage  of  single 
family  residents  responding  to  DWR's 
survey  who  used  graywater  in  some  way. 

As  Table  5  indicates,  the  percentage  of 
people  using  graywater  for  different 
purposes  greatly  increased  in  1977  from 
1976. 


Table  5.    PERCENTAGE  OF  SINGLE  FAMILY 
RESIDENTS  USING  GRAYWATER 

1976   1977 


Total  households  imple- 

35.0 

80.8 

menting  one  or  more  of 

uses  below 

Unspecified  reuse 

18.7 

34.6 

Reused: 

-  bathwater 

3.7 

13.6 

-  laundry  water 

3.9 

15.0 

-  dishwashing  water 

2.1 

7.5 

-  vegetable  wash  water 

- 

0.3 

-  cold  water  from  hot 

1.3 

4.2 

water  tap 

Used  graywater: 

-  to  flush  toilet 

5.0 

27.1 

-  on  plants  and  garden 

12.2 

29.7 

-  in  garbage  disposal 

0.1 

0.7 

-  to  wash  car 

0.1 

0.3 

-  for  general  cleaning 

0.4 

2.1 

1      i                 m 

:m^ 

r  ii 

This  graywater  system  stores  both  rain- 
water and  washing  machine  rinse  water 
for  landsaape  irrigation. 
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Figure  6.  TIME  COMPARISON  OF  CONSERVATION 
DEVICES  AND    RATIONING   RESTRICTIONS 
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CHAPTER  4.   EFFECTS  OF  WATER  SHORTAGE 
ON  RESIDENTIAL  WATER  USERS 


Since  more  than  half  of  the  water  sup- 
plied by  MMWD  is  consumed  by  residential 
customers,  the  main  focus  of  MMWD's 
rationing  program  was  on  the  residential 
water  user.  The  Department's  survey 
documented  how  the  residents  of  Marin 
County  cut  back  consumption,  how  they 
felt  about  MMWD's  rationing  program,  and 
what  factors  were  important  determinants 
of  water  consumption. 

Residential  Indoor  Water  Use 

Attempts  to  conserve  water  revealed  that 
appliances  and  fixtures  considered  to  be 
"essential"  to  daily  living  actually 
were  water  guzzlers.  Toilets  and 
showers/baths  become  water  wasters  if 
left  tmgoverned  during  drought  situations 
such  as  that  suffered  by  Marin  County 
residents  in  1976-77. 

In  order  to  adjust  indoor  water  consump- 
tion to  rationing  allotments,  community 
members  dramatically  changed  their  pat- 
terns of  indoor  water  use.  Virtually 
all  respondents  (from  all  dwelling  tj^es) 
installed  water-saving  plumbing  devices. 
Figure  6  shows  a  cumulative  representa- 
tion of  the  most  popular  devices  installed 
and  the  dates  on  which  MMWD  rationing 
schedules  were  instituted  for  single 
family  dwellings.   Installations  appear 
sparse  prior  to  initial  prohibitive  ra- 
tioning measures  of  March  1,  1976.   In- 
stallations increased  dramatically  with 
the  rationing  measures  of  March  1,  1976, 
the  rate  increases  of  July  28,  1976,  and 
the  57  percent  mandatory  allotment  ra- 
tioning of  February  1,  1977.   (For  a  more 
con^lete  statement  on  the  rationing 
schedule,  see  Table  4  in  Chapter  3.) 

Besides  installing  devices,  community 
members  instituted  many  and  varied  mea- 
sures and  restrictions  to  reduce  indoor 
water  use,  notably:  less  frequent 
laundry  washing  (including  larger  loads) , 
handwashing  of  dishes,  less  frequent 


toilet  flushing  and  bathing,  and  shorter 
showers.  The  bathroom  appeared  to  be 
the  major  indoor  area  where  measures 
and  restrictions  were  adopted.  Gray- 
water  use  was  also  adopted  by  many  re- 
spondents from  each  dwelling  tjrpe. 
Although  gra3water  was  used  in  1976, 
dramatic  increases  were  noted  in  1977. 

Overall,  it  appears  that  respondents 
were  actively  adopting  water  conserva- 
tion practices.  However,  the  fact  that 
most  of  these  practices  occurred  fol- 
lowing the  institution  of  rationing 
measures  suggests  that  active  indoor  as 
well  as  outdoor  conservation  practices 
may  need  rather  strong  incentives  for 
implementation  when  drought  and  water 
rationing  are  not  present.  Yet,  such 
active  participation  in  water-saving 
activities  allowed  Marin  County  residents 
to  reevaluate  their  water  consumption 
habits.   By  the  end  of  the  stimmer  of 
1978,  water  use  by  MMWD  customers  was 
still  35  percent  below  predrought  use. 
Despite  high  rainfall,  Marin  County 
residents  continued  to  observe  at  least 
some  of  the  water  conservation  habits 
they  had  developed. 

Residential  Outdoor  Water  Use 

A  large  part  of  the  water  used  by  resi- 
dents is  used  outdoors,  mostly  to  main- 
tain landscaping  and  swimming  pools.  As 
the  water  reserves  in  Marin  County 
diminished  and  water  use  restrictions 
tightened,  residents  were  faced  with  the 
double  challenge  of  conserving  water 
while  trying  to  avoid  sizeable  landscape 
losses. 

Outdoor  watering  practices  were  modified 
throughout  1976  and  were  continually 
reappraised  and  modified  up  to  March 
1977  when  the  Department's  survey  was 
taken.  The  initial  watering  practices 
used  were  generally  reductions  in  fre- 
quency and  amount  of  watering.  By 
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March  1977,  attitudes  toward  outdoor 
watering  and  prevailing  watering  prac- 
tices had  dramatically  changed  from  the 
early  days  of  the  drought.  MMWD  custo- 
mers were  learning  how,  through  educa- 
tion and  trial  and  error,  to  cope  with 
the  dry  weather. 

Those  surveyed  were  asked  to  Identify 
how  they  would  continue  (if  at  all)  to 
water  landscaping  in  1977  under  March 
1977  restrictions  and  continuing  drought. 
All  three  residential  sample  groups  had 
two  major  intentions  for  1977  outdoor 
watering.   The  major  intention  of  all 
three  groups  was  to  use  various  sources 
of  water  other  than  MMWD,  including 
graywater  and  reclaimed  water.   The 
second  major  Intention  of  single  dwelling 
and  duplex  respondents  was  to  water 
selected  parts  of  landscaping,  while  the 
second  major  intention  of  apartment 
owners  and  managers  was  to  apply  various 
watering  devices  such  as  sprinkling  cans 
and  drip  irrigation  systems. 

It  is  clear  that  as  drought  conditions 
grew  Increasingly  serious,  community 
members  began  to  recognize  the  need  to 
make  greater  expenditures  of  time  (for 
recycling  water)  and  money  (for  purchas- 
ing trucked  water  or  drip  Irrigation 
systems)  in  order  to  avoid  inevitable 
landscape  loss.  Watering  practices  used 
earlier  in  the  drought  could  be  either 
supplemented  by  the  more  expensive  prac- 
tices or  completely  replaced  by  them. 

Regardless  of  the  type  of  practices 
actually  implemented  after  the  Depart- 
ment's survey.  It  is  obvious  that  the 
respondents  expected  to  spend  more  to 
save  their  landscaping  than  they  origi- 
nally thought  would  be  necessary.  The 
following  section  presents  an  appraisal 
of  the  losses  and  costs  of  drought 
Incurred  up  to  the  time  of  the  survey. 

Losses  and  Costs  as  a 
Result  of  Water  Shortage 

Losses  and  costs  are  usually  observed  in 
terms  of  replacement  price  in  the  market- 
place. The  loss  of  a  juniper  bush  that 


costs  $25  to  replace  Is  $25.   However, 
there  are  other  loss  values  not  Iden- 
tified in  market  transactions.   For 
example,  a  number  of  the  survey  re- 
spondents (especially  residential 
householders)  said  they  lost  "old", 
"invaluable",  or  "cherished"  plants. 
Such  losses  cannot  possibly  be  stated 
in  dollar  values.   Additionally,  a 
dollar  value  was  difficult  to  assess 
at  survey  time  because  only  10  percent 
or  fewer  of  the  MMWD  customers  polled 
had  yet  replaced  or  changed  their 
landscaping. 

As  a  result,  losses  in  this  section  are 
stated  not  in  dollar  values  but  as 
physical  losses  in  landscaping:   trees, 
shrubs,  lawns,  and  ground  cover.  On  the 
other  hand,  costs  are  presented  in 
dollar  values  and  are  generally  con- 
sidered to  fall  into  such  areas  as  pur- 
chasing of  water  from  sources  other  than 
MMWD,  water-saving  pltimbing  changes  and 
leak  detection  and  repair  (both  cost- 
reducing  in  the  long  run) ,  labor  costs 
for  watering,  and  purchasing  containers 
to  catch  water. 

Losses 

Comparing  losses  among  the  various  types 
of  landscaping  is  difficult  because  data 
on  the  use  of  each  type  of  plant  are  not 
available.   It  is  clear,  however,  that 
lawn  and  shrub  losses  were  extensive  and 
virtually  universal  throughout  the  Dis- 
trict.  The  heavy  loss  of  shrubs  and  lawn 
(and  ground  covers  in  general)  is  not  sur- 
prising because  they  are  generally  not 
drought  tolerant  and  are  more  easily 
replaced  compared  to  trees.   (They  are 
thus  sacrificed  first.)  The  expectation 
of  all  three  groups  of  respondents  at 
the  time  of  the  survey  was  that  they 
would  continue  to  lose  trees  and  shrubs. 

One-third  of  the  single  dwelling  and 
apartment  house  respondents  and  one- 
quarter  of  the  duplex  respondents  planned 
to  replace  or  change  landscaping  as  a 
result  of  the  water  shortage.   The  most 
prominent  plans  of  each  group  Involved 
modifying  their  landscaping  to  Include 
more  drought-tolerant  plants.  Very  few 
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members  in  any  of  the  groups  planned  to 
return  their  landscaping  to  its  predrought 
status  when  the  drought  was  over.   This 
suggests  that  the  majority  of  members  of 
each  group  recognized  the  seriousness 
of  the  1976-77  water  shortage  and  further 
recognized  a  more  long-term  need  to  con- 
serve water  and  prepare  for  future  water 
shortages. 

Costs 

For  the  overall  sample,  the  most  widely 
incurred  short-run  cost  appears  to  in- 
volve water-saving  plumbing  changes  (and 
installation  of  devices)  and  leak  detec- 
tion and  repair.   The  cost  incurred  by 
a  majority  of  single  dwelling  respondents 
was  for  containers  to  catch  rainwater. 
A  large  group  of  apartment  respondents 
also  reported  increased  labor  costs  for 
watering  as  a  result  of  the  water  short- 
age.  This  is  not  surprising  considering 
the  MMWD  partial  ban  on  sprinkling  sys- 
tems and  limited  issuance  of  sprinkling 
permits. 

Apartment  house  respondents  incurred  the 
greatest  average  accumulated  cost  of  all 
three  groups.  Their  average  of  $970 
spent  far  exceeds  the  $170  average  in- 
curred by  single  dwelling  respondents 
and  the  $75  average  incurred  by  duplex 
respondents  (these  exclude  landscape 
loss)  . 

Community  Comments  on  the  Drought 

The  drought  survey  concluded  by  asking 
MMWD  customers  to  comment  on  the  drought. 
This  section  reports  a  selection  of  the 
most  frequent  comments  on  MMWD  policy 
and  the  water  shortage  in  general. 

The  major  comment  reported  by  community 
members  concerned  future  actions  to  in- 
crease water  supplies.  Wells  and  water 
•reclamation  were  enthusiastically  sug- 
gested by  many  as  possible  sources  of 
water.  As  noted  earlier,  not  only  had 
reclaimed  water  become  widely  used  in 
early  1977  out  of  necessity,  but  had 
become  widely  accepted  at  that  time. 
(Early  in  the  drought,  both  reclaimed 


water  and  graywater  were  generally  mis- 
trusted and  thought  to  be  unsanitary 
and  possibly  detrimental  to  health  if 
used  widely.) 

Interestingly,  a  number  of  citizens 
suggested  restrictions  in  construction. 
"No  new  building"  (types  unspecified) 
and  "no  new  water  hook-ups"  were  the 
major  comments.   "No  new  swimming  pools" 
was  also  mentioned,  but  not  as  fre- 
quently. Despite  this  sentiment,  a 
large  number  of  citizens  felt  that  MMWD 
should  not  be  involved  in  growth  control. 
Individuals  further  desired  MMWD  to  con- 
tinue to  seek  new  sources  of  water  un- 
til zero  population  growth  was  attained. 

MMWD  customers  generally  supported  the 
"water  bank"  concept.  They  felt  that  a 
"water  account"  comprised  of  unused 
portions  of  monthly  water  allotments 
saved  (per  customer)  was  a  good  idea. 
Many  residents  also  felt  that  those  who 
are  "under-using"  ought  to  pay  a  lower 
price  for  water  or  at  least  receive  a 
refund  for  unused  water.   (These  same 
individuals  generally  supported  a  higher 
price  or  penalty  for  over-users.) 

A  number  of  repondents  felt  that  MMWD 
was  doing  a  good  job  or  doing  everything 
that  was  possible.  However,  some  mem- 
bers of  this  group  believed  that  state- 
wide rationing  should  have  been  manda- 
tory. 

As  positive  as  some  were  about  MMWD's 
policies,  an  equal  number  were  dissat- 
isfied and  felt  the  water  rationing 
allotment  was  inconvenient  and  time  con- 
suming. A  few  were  concerned  over 
questions  of  health  and  sanitation  when 
water  is  rationed. 

Very  few  individuals  felt  that  special 
allowances  or  exceptions  should  be  al- 
lowed to  groups  (i.e.,  single  and 
multiple  family  residences,  business 
types,  etc.)  other  than  their  own. 

Sentiments  on  controversial  drought 
policy  issues  appear  to  be  generally 
split  into  equal  pro  and  con  factions. 
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Figure  7.  AVERAGE   DAILY  WATER  CONSUMPTION 
PER    HOUSEHOLD   AND    PER   CAPITA  -  1975 -1976 -1977 
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Thus,  developing  a  drought  policy  Is  at 
best  a  "tightrope  walking"  situation. 
It  appears  that  the  most  effective 
drought  policy  Is  that  which  alms  pre- 
dominantly at  reducing  water  use  with- 
out being  overly  concerned  with  who  will 
be  pleased  or  displeased  with  the  policy. 

Factors  Affecting  Residential 
Water  Consumption 

In  conducting  this  study,  the  Department 
sought  to  determine  the  most  Important 
factors  governing  water  consumption  In 
MMWD.  Using  the  survey  data,  the  Depart- 
ment analyzed  water  consumption  accord- 
ing to  housing  type  by  Inspecting  MMWD's 
meter  records  for  1975,  1976,  and  1977. 
The  year  1975  was  considered  to  be  a 
normal  water  use  period,  1976  a  voluntary 
rationing  period,  and  1977  a  mandatory 
rationing  period. 

Climate  is  a  major  factor  in  residential 
water  consumption  because  a  large  part 
of  the  water  is  consumed  outdoors,  for 
landscaping  and  swimming  pools.   The 
hotter  and  drier  the  weather,  the  more 
water  is  required.  Approximately  one- 
fourth  of  the  variation  in  per  capita 
summer  consumption  during  a  normal  year 
in  MMWD  can  be  attributed  to  average 
monthly  summer  high  temperatures. 

The  climate  within  MMWD  varies  according 
to  geographical  area.   Service  areas  in 
the  southernmost  part  have  generally 
lower  temperatures  in  the  summer,  due  in 
large  part  to  the  fog  that  blankets 
areas  close  to  San  Francisco  Bay  and  the 
coast.   Summer  temperatures  are  higher 
in  the  northern  and  western  reaches  of 
the  district.  Average  residential  water 
consumption  by  service  area  was  compared 
for  the  three  years,  1975,  1976,  and 
1977.   In  1975,  the  normal  water  period, 
average  consumption  varied  widely  be- 
tween geographical  locations.   In  1976, 
the  voluntary  rationing  period,  all 
areas  were  using  less  water  but  there 
was  still  some  variation  in  consumption, 
depending  on  the  geographical  area.   In 
1977,  the  mandatory  rationing  period, 
all  areas  were  using  water  at  a  low,  and 


almost  Identical,  rate.   This  Indicates 
that  climate  is  a  major  factor  in  water 
consumption  under  normal  conditions  but 
becomes  less  Important  as  water  rationing 
becomes  more  strict  and  disappears  al- 
together under  such  conditions  as  existed 
in  1977  in  MMWD,  especially  as  the 
outdoor/ indoor  ratio  declines. 

While  climate  normally  has  a  major  ef- 
fect on  water  use,  a  number  of  other 
factors  also  apply.   One  is  housing  type 
and  numbers  of  people  per  household. 
For  example,  a  single  family  residence 
will  use  more  water  per  person  than  a 
unit  in  a  townhouse.   This  is  primarily 
due  to  outdoor  water  use.   The  per  capita 
share  of  landscape  watering  for  apart- 
ments is  far  less  when  divided  among 
many  residents  than  the  per  capita  share 
for  a  single  family  residence  divided 
only  among  the  immediate  family  members. 

Another  important  factor  affecting  con- 
sumption is  individual  household  charac- 
teristics, such  as  family  size,  income 
and  its  related  factors  of  size  of  lot 
requiring  water,  number  of  water-using 
appliances,  and  swimming  pools.   As 
Income  Increases : 

1.  The  average  number  of  water-using 
appliances  per  household  Increases. 

2.  The  average  lot  size  requiring 
water  increases . 

3.  The  percentage  of  homes  with 
swimming  pools  Increases. 

Of  special  Interest  was  the  fact  that  as 
family  size  Increased,  overall  family 
water  consumption  also  Increased,  but 
per  capita  consumption  actually  de- 
creased. This  phenomenon  is  shown  graph- 
ically in  Figure  7.   For  1975  and  1976, 
the  more  people  in  a  family,  the  less 
water  each  individual  used.  This  is 
due  in  part  to  outdoor  watering,  which 
is  relatively  Independent  of  family  size, 
and  somewhat  due  to  Indoor  activities 
such  as  dishwashing  and  clothes  washing, 
which  don't  necessarily  use  water  pro- 
portionate to  the  number  of  family  mem- 
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Figure  8.  DAILY  PER  CAPITA  CONSUMPTION 
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bers.  However,  note  that  per  capita 
consumption  during  1977  remained  rela- 
tively stable  rather  than  decreasing. 
This  leveling  out  is  due  mostly  to  the 
elimination  of  outdoor  watering  in  1977. 

The  variability  in  water  consumption  for 
Marin  County  residents  decreased  as 
rationing  measures  began  taking  effect. 
Figure  8  shows  the  distribution  of  per 
capita  consumption  for  single  households 
over  the  three  consumption  periods. 

The  graph  helps  show  visually  the 
change  in  per  capita  consumption  from 


normal  to  strict  rationing  periods.  As 
rationing  became  more  stringent,  extreme- 
ly high  residential  water  users  decreased 
in  number  (to  almost  zero  when  strict 
rationing  was  implemented) .   Water  users 
of  all  income  categories  and  all  house- 
hold types  reduced  consunq)tion  to  an 
average  per  capita  use  of  about  125 
litres  (33  gallons)  per  day. 

In  summary,  a  number  of  factors  affect 
residential  water  consumption,  but  these 
can  apparently  be  overcome  or  eliminated 
when  stringent  water  rationing  is 
enforced. 


Seen  Quentin  Prison  saved  water  by  watering  its  ice  plant  landscaping  with  salt 
Water  from  San  Francisco  Bays  a  technique  discovered  and  applied  by  the 
Department  of  Collections.     San  Quentin^  population  2^000^   is  one  of  MMWD's 
largest  single  water  accounts.     Water-saving  programs^  including  retrofitting 
showers  and  toilets  with  water-saving  devices j   led  to  a  45  percent  decrease  in 
water  consurrption  at  the  prison. 
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CHAPTER  5.   EFFECTS  OF  WATER  SHORTAGE  ON  BUSINESSES 


Only  7  percent  of  MMWD's  customers  are 
businesses,  but  they  account  for  28  per- 
cent of  the  District's  metered  water 
consumption.   Although  most  businesses 
installed  water-saving  devices  and  made 
modifications  in  landscape  watering  in 
1976,  their  overall  consumption  rose 
6  percent  over  what  it  had  been  in  1975. 
The  majority  of  the  businesses  either  had 
not  realized  the  severity  of  the  drought 
or  had  not  yet  employed  measures  that 
were  stringent  enough  to  decrease  their 
consumption. 

The  57  percent  mandatory  cutback  imposed 
on  all  water  users  in  February  1977  posed 
real  problems  for  certain  tjrpes  of  busi- 
nesses, particularly  those  whose  services 
depended  on  water.  MMWD  managers  real- 
ized that  water  use  restrictions  on 
businesses  would  have  to  be  flexible, 
and  as  a  result  met  with  numerous  indi- 
vidual business  groups  to  discuss  water 
use  and  the  various  ways  it  could  be 
reduced. 

After  rationing  went  into  effect,  a 
2-month  learning  period  provided  busi- 
nesses time  to  experiment  with  water- 
saving  techniques  to  see  which  would  be 
possible.  For  some  highly  water-depen- 
dent businesses,  such  as  laundromats,  the 
mandatory  allotment  was  increased.  Of 
the  businesses  sampled,  water  meter  rec- 
ords show  that,  overall,  they  were  able 
to  decrease  water  consumption  in  1977  by 
37  percent  of  their  1975  consumption. 
Although  only  a  very  few  businesses 
attempted  to  have  their  allotments  ad- 
justed, 37  percent  felt  they  should  be 
exempt  from  the  57  percent  cutback  and 
that  a  25  percent  reduction  was  more 
reasonable.  One-quarter  of  those  sur- 
.,  veyed  felt  they  could  not  meet  the  57 
percent  cutback  and  remain  in  business. 

The  spectrum  of  business  and  community 
services  surveyed  was  so  broad  that 
overall  conclusions  were  not  very  mean- 
ingful. Therefore,  In  this  report  the 
Department  has  focused  on  a  few  specific 


businesses  and  public  agencies  particu- 
larly affected  by  the  drought  to  provide 
some  specific  insights.  The  following 
business  "types"  were  selected  because 
their  water  conservation  measures  affect 
the  general  public: 

"*  government  agencies  and  com- 
munity services 

**  schools 

"  restaurants 

°  laundries 

"  motels 

The  following  analyses  provide  a  cur- 
sory look  at  the  effects  of  the  drought 
on  these  specific  entities,  and  allow 
a  comparison  to  be  made  between  public 
agencies  and  private  businesses,  where 
both  are  providing  services  to  the 
public.   Overall,  the  data  show  that 
both  government  agencies  and  schools 
were  able  to  reduce  consumption  in  1976 
and  continued  to  cut  back  water  use  in 
1977.   In  contrast,  restaurants,  laun- 
dries, and  motels  —  highly  water-depen- 
dent businesses  —  actually  increased 
their  water  consumption  in  1976.  All 
businesses  managed  to  bring  consumption 
down  in  1977,  but  not  by  the  targeted 
57  percent.  Finally,  it  is  apparent 
that  where  income  is  directly  related 
to  water  use,  particularly  where  manage- 
ment does  not  have  direct  control  over 
water  use,  as  in  the  case  of  inside  use 
In  motels,  less  of  a  reduction  In  con- 
sumption is  found. 


Government  Agencies  and 
Commxinity  Services 

Government  agencies  appeared  to  have  no 
severe  problems  meeting  the  57  percent 
cutback  in  consumption.  They  reduced 
consumption  by  38  percent  from  1975  to 
1976  and  as  much  as  67  percent  in  1977. 
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Most  government  agencies  and  community 
services  had  landscaping  that  required 
water,  but  maintained  this  landscaping 
by  changing  watering  practices  and 
using  alternate  sources  of  water.   Half 
reported  losing  some  landscape,  typi- 
cally groundcover  and  trees. 

By  March  1977,  almost  all  agencies  had 
made  changes  in  Indoor  water  use  by 
repairing  leaks,  altering  plumbing. 
Installing  water-saving  devices,  and 
educating  employees.   Although  no 
changes  in  business  revenue  and  labor 
force  were  reported,  some  costs  for 
water-saving  plumbing  and  leak  detec- 
tion and  repair  were  Incurred. 

Schools 

Although  the  schools  surveyed  failed  to 
meet  the  57  percent  cutback,  the  major- 
ity did  not  feel  rationing  was  too  strin- 
gent.  Consumption  was  reduced  by  31 
percent  in  1976  and  42  percent  in  1977. 

All  schools  made  changes  in  landscape 
watering,  particularly  by  reducing  fre- 
quency of  watering  and  using  sources 
other  than  MMWD.   Almost  all  schools 
maintained  landscaping  to  some  extent 
in  1976;  however,  two-thirds  reported 
losing  some  landscaping,  most  often  lawns 
and  groundcover.   Indoor  water  savings 
were  made  by  installing  shower  and  toilet 
devices,  repairing  leaks,  and  educating 
employees  and  students. 


The  major  drought-related  cost  for 
echoole  was  hauling  reclaimed  water 
for  fields  and  landscaping. 


In  general,  the  water  shortage  had  no 
effect  on  schools  with  respect  to  busi- 
ness revenues;  however,  the  standard  of 
service  or  programs  provided  to  the  com- 
munity were  affected  in  some  cases.   Even 
though  over  half  the  schools  reported 
having  to  postpone  pending  maintenance 
work,  there  were  no  changes  in  the  labor 
force  due  to  the  water  shortage. 

The  major  costs  reported  by  schools  were 
for  trucking  in  reclaimed  water  for 
Irrigation. 

Restaurants 

Restaurant  water  consumption  in  1976  was 
7  percent  over  1975.  Most  of  the  restau- 
rants surveyed  felt  the  57  percent  cut- 
back in  consumption  was  a  bit  severe, 
but  they  were  willing  to  make  compro- 
mises in  their  consumption.  Restaurants 
decreased  their  consumption  in  1977  by 
42  percent  over  1975. 

The  majority  of  restaurants  had  virtually 
no  landscaping  to  speak  of  and  thus  had 
little  outdoor  water  use  to  contend  with. 
They  did  make  changes  in  Indoor  water 
use  such  as: 

"  repairing  leaks 

"     retrofitting  spray  emitters  on 
dishwashers 

"     altering  plumbing 

°  educating  employees 

"  serving  water  to  the  public  only 
on  request 

**  installing  toilet  devices 

Toilet  devices  were  the  most  popular 
water-saving  measure  implemented. 

Employees  and  employee  workload  were 
not  significantly  affected  nor  was  there 
any  significant  loss  in  business  revenue 
due  to  the  water  shortage.  A  few  costs 
were  involved  in  Implementing  some 
water-saving  measures,  such  as  purchas- 
ing disposable  cups,  plates,  and  eating 
utensils. 
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WE'RE  CONSERVING  .  .  . 

AND    HELPING    CALIFORNIA 
SAVE    WATER  AND   ENERGY 


IF  YOU'D  LIKE  A  GLASS  OF  WATER 

PLEASE   LET    US    KNOW    .     .     . 
WE'LL    BE   HAPPY    TO   SERVE    YOU! 

^->  SOME  TIMELY  QUESTIONS  ABOUT  WATER  ^■<- 

1.  How  many   gallons   a   day    does    the 
average   person   use? 

When   does   one   equal    three? 
How  much   is   one    times   many? 


2. 
3, 


(answers   inside) 


An   average   person  uses   about    150 
gallons   of  water   each   day - 

Each   eight-ounoe   glass   of  water 
served   takes    another   sixteen  ounces 
for  washing   --   a    total   of  three 
glass fuls   for   each  glass   served. 

Besides,    it    takes    energy    to   make    the 
ice   for   the   water,    and   to    heat    the 
water  for  washing. 

One    times   many   is    a   lot!      Each   day 
about    10  million   restaurant  meals 
are   served  in   California.      By   not 
automatically   serving   a   glass   of 
water   for   each  meal,    more    than   a 
million   gallons   of  water   could   be 
saved  every   day. 

Savings   in   energy   to    transport   and 
treat   that  water,    heat   it  for  washing, 
freeze   it  for  ice,    and   to    treat   the 
wastes,    is   also   a   huge   amount. 


Many  restaurants  saved  water  by  serving  it  only  on  request.      "Tent  cards"  were 
often  placed  on  restaurant  tables  to  help  pass  the  save  water  message.     The 
Department  made  the  above  card  available  to  restaurants  statewide. 
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Laundries 

Due  to  their  dependency  on  water,  laun- 
dries used  slightly  more  water  in  1976 
than  in  1975.   They  did  manage  to  de- 
crease consumption  in  1977  by  28  percent 
of  what  it  had  been  in  1975.   However, 
of  those  surveyed,  all  felt  the  57  per- 
cent cutback  was  too  severe  and  most 
were  trying  to  have  their  allotments 
changed.   In  order  to  reduce  consumption, 
laundries  repaired  leaks,  installed 
devices,  limited  wash  cycles,  and  re- 
cycled rinse  water.   Recycling  was  found 
to  be  the  most  practical  and  effective 
practice  adopted. 

Laundries  incurred  costs  of  installing 
new  coin  slides  due  to  increased  prices 
and  signs  to  educate  the  public.   Al- 
though the  majority  had  not  incurred 
any  losses  in  business  revenue,  all 
expected  to  lose  revenue  if  the  drought 
continued. 

Motels 

Of  the  businesses  surveyed,  motels  were 
the  hardest  hit  by  the  mandatory  ration- 


ing.  Their  consumption  rose  14  percent 
in  1976  above  what  it  was  in  1975.   In 
1977,  they  managed  to  reduce  consumption 
to  only  13  percent  below  1975  figures. 

Motels  changed  their  outside  watering 
methods  in  addition  to  making  changes 
in  indoor  water  use.  Toilet  and  shower 
devices,  as  well  as  signs  to  the  public, 
were  found  to  be  the  most  effective  mea- 
sures adopted.   In  some  cases,  linen 
service  was  affected. 

In  general,  motels  did  not  lose  business 
revenue,  but  did  incur  costs  for  imple- 
menting water  conservation  measures  and 
did  expect  future  costs  or  losses. 

The  majority  of  motel  operators  felt 
they  should  be  exempt  from  the  57  per- 
cent cutback  and  were  attempting  to  have 
their  allotments  changed.   Several  motel 
owners /managers  complained  to  MMWD 
managers  that  residents  of  Marin  would 
join  out-of-town  friends  or  relatives 
staying  at  local  motels  and  use  the 
shower  facilities.   Thus  water  consump- 
tion was  at  least  partially  out  of  their 
hands . 
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CHAPTER  6.   EFFECTS  OF  WATER  SHORTAGE 
ON  LIVESTOCK  RANCHERS 


Livestock  ranchers  in  Marin  County,  the 
first  county  in  California  to  develop  a 
major  dairy  industry,  were  severely  af- 
fected by  the  prolonged  drought  of  1976 
and  1977.  Many  suffered  serious  finan- 
cial hardships,  a  few  were  forced  out 
of  business,  and  the  average  level  of 
farm  indebtedness  rose  appreciably. 
Nurserymen  were  similarly  affected,  many 
having  to  seek  low-interest  federal 
drought  relief  loans  to  remain  in  oper- 
ation. 

In  Marin  County,  especially  in  west 
Marin,  many  ranchers  rely  on  springs, 
small  dams,  creeks,  and  wells  for  water 
supply  for  livestock  and  washwater  for 
dairy  bams  and  utensils.  The  remote 
and  dispersed  location  of  the  farms 
means  the  distribution  costs  of  a  more 
reliable  water  supply  are  beyond  the 
ability  of  most  ranchers  to  pay. 

Early  rains  in  the  fall  followed  by  warm 
weather  and  intermittent  rains  of  2  or 
more  inches  at  monthly  intervals,  con- 
tinuing until  late  in  the  spring, 
greatly  increase  pasture  productivity. 


"Good  grass"  years  reduce  the  ranchers' 
need  to  purchase  hay  and  supplements 
from  off-farm  sources  to  maintain  live- 
stock. The  heavy  reliance  on  farm-grown 
pasture  for  livestock  means  the  distri- 
bution of  adequate  rainfall  throughout 
the  growing  season  is  vital  to  farm 
productivity  and  the  ranchers'  economic 
well  being. 

This  need  for  evenly  distributed  rain- 
fall resulted  in  the  ranches  of  Marin 
being  one  of  the  first  economic  sectors 
in  the  county  to  feel  the  drought's 
effects,  which  built  up  over  many  months 
from  the  dry  fall  of  1975  and  the  sub- 
sequent winter  and  spring  of  1976.  Water 
supplies  from  ponds,  dams,  and  wells 
dried  up  completely  on  many  of  the  farms. 
Pastures  usually  verdant  and  lush,  a 
main  source  of  livestock  fodder,  became 
dessicated  bare  fields  prone  to  water  and 
wind  erosion;  hay  reserves  were  depleted; 
feed  had  to  be  trucked  in  from  as  far 
as  Idaho  while  water  had  to  be  hauled 
daily  to  farms,  some  receiving  water 
daily  for  as  long  as  18  months  to  keep 
livestock  productive  and  in  some  in- 
stances barely  alive. 


Mcmy  ranchers^   especidlly  those  in  west  Mopirij  were  forced  to  haul  in  water 
daily  for  as  long  as  18  months  to  keep  their  livestock  alive  and  well.     County 
and  federal  funds  helped  defray  oosts^  which  totalled  nearly  half  a  million 
dollars  by  the  end  of  the  drought. 
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Throughout  the  drought,  monthly  rainfall 
commencing  with  the  winter  of  1975-76  and 
continuing  through  the  fall  and  winter 
of  1976-77  was  far  below  the  long-term 
monthly  average  for  almost  all  months. 
From  November  1975  to  October  1977,  for 
example,  749.3  millimetres  (29.50  inches) 
of  rain  were  recorded  at  San  Rafael, 
235  millimetres  (9.25  inches)  less  than 
that  received  in  one  year  of  normal 
rainfall.   Even  in  years  when  rain  is 
not  greatly  less  than  normal,  many 
dairies  are  acutely  short  of  water. 

It  could  be  expected,  therefore,  that 
the  failure  of  the  seasonal  fall  and 
winter  rains  in  1975-76  (one- third 
normal)  would  result  in  acute  water 
shortages  on  some  farms  as  early  as  late 
winter  of  1976.  A  few  ranchers  began 
hauling  water  in  February  1976.   In- 
creasing niunbers  of  them  had  to  resort 
to  hauling  water  to  their  herds  as  water 
supplies  became  depleted  during  the 
summer  of  1976.  By  September  1976,  west 
Marin  ranchers  were  paying  an  average 
of  $2,000  per  month  to  have  water  trucked 
in. 

It  was  evident  that  costs  of  trucking  in 
water  coupled  with  extremely  high  costs 
of  trucking  in  hay  would  quickly  force 
many  ranchers  out  of  business.   In 
September  1976,  the  Marin  County  Board 
of  Supervisors  voted  to  defray  half  the 
water  hauling  charges  up  to  $40,000 
until  January  1,  1977.  The  county  would 
also  coordinate  water  tanker  operations 
and  water  deliveries  to  the  west  Marin 
ranches.  This  commitment  was  the  first 
phase  of  an  effort  that  ballooned  into 
a  full-scale  program  of  water  hauling, 
subsidized  by  the  County  and  the  Federal 
Government,  that  did  not  terminate  until 
January  1978.   In  mid-February  1977, 
during  the  first  phase  of  the  water 
hauling  program,  the  Department  mailed 
out  a  questionnaire  to  141  Marin  County 
livestock  operators  —  dairy,  beef,  and 
sheep  ranchers  —  asking  them  for  infor- 
mation on  the  costs  and  losses  they  had 
suffered  to  date,  the  adequacy  of  their 
water  supplies,  and  the  measures  they 
had  taken  to  develop  or  supplement  those 
supplies. 


The  responses  to  this  survey  confirmed 
that  the  water  supply  situation  was 
severe  and  getting  worse.   Among  other 
things,  the  survey  showed  as  of  mid-March 
1977  that: 

"  53  000  cubic  metres  (14  million 
gallons)  had  been  hauled  to  19  of 
the  68  ranchers  responding,  while 
another  39  ranchers  stated  they 
would  have  to  bring  in  water 
either  by  tanker  truck  or  by  pipe 
from  an  off-farm  source. 

"  Water  hauling  costs  exceeded 

$65,000,  while  about  10  000  tonnes 
(11,000  tons)  of  additional  feed 
had  to  be  purchased  at  $953,000 
to  sustain  livestock. 

"  20  ranchers  had  to  borrow  more 
than  a  total  of  $1  million  in  1976 
and  the  need  for  loans  in  1977  was 
estimated  at  an  additional  $1  mil- 
lion to  defray  feed  and  water 
costs. 

"     Only  18  out  of  the  68  ranchers 
responding  were  confident  they 
could  stay  in  business  without 
financial  assistance  in  the  form 
of  either  grants  or  low-interest, 
long-term  repajment  loans. 

The  Department  of  Water  Resources 
published  the  results  of  the  survey  on 
March  22,  1977,  in  a  report  entitled 
"Preliminary  Findings  of  the  Mail 
Questionnaire  Survey  to  Ascertain  Effects 
of  the  1976-77  Drought  on  Dairy  Farmers 
and  Ranchers  in  Marin  County".  This 
report  provided  public  agencies  with  a 
reliable  assessment  of  the  farm  water 
supply  situation  and  helped  secure 
federal  assistance  and  additional  county 
aid. 

The  first  water  hauling  program  was 
funded  half  by  the  ranchers  and  half  by 
the  County.  No  federal  funds  were  used. 
However,  extensive  federal  assistance 
was  received  for  the  second  phase  of  the 
hauling  program,  which  began  April  27, 
1977,  and  did  not  terminate  until 
January  1978,  following  drought-breaking 
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rains.   The  federal  funds  were  received 
through  the  U.  S.  Department  of  Labor's 
Comprehensive  Employment  Training  Act 
(CETA)  and  were  used  primarily  to  pay 
for  the  truck  drivers.  At  least  six 
trucks  were  hauling  water  7  days  a  week 
working  two  shifts  a  day. 

At  the  peak  of  the  water  hauling  program 
in  mid-November  1977,  1  320  cubic  metres 
(350,000  gallons)  daily  were  being 
hauled  to  53  ranchers  and  16  domestic 
users;  a  county  contribution  of  $45,000 
a  month  was  required  to  operate  the 
program. 

The  expenditures  and  the  contributions 
made  by  the  Federal  Government,  the 
Coimty,  and  the  ranchers  to  the  two  emer- 
gency water  hauling  programs  were  as 
follows: 


Federal 

County 

Ranchers 

Private 
Donations 


171,822.64  -  37.4% 

248,459.81  -  53.9% 

37,553.90  -  8.2% 

2,500.000  -  0.5% 


$460,336.35    100.0% 

The  $460,000  was  for  water  hauling  costs 
only.  The  ranchers  paid  in  an  additional 
$24,000  for  the  water  itself. 

Water  Deliveries  During  the  Drought 

The  amount  of  water  delivered  to  ranchers 
in  west  Marin  during  the  drought  has  been 
conservatively  estimated  at  155  000 


cubic  metres  (41  million  gallons)  sup- 
plied by  the  North  Marin  County  Water 
District  and  the  City  of  Petaluma  Water 
Department.   In  September  1977  alone, 
these  two  agencies  supplied  more  than 
20  000  cubic  metres  (5.5  million  gallons) 
to  ranchers.  Water  was  supplied  during 
the  drought  not  only  to  water-short 
ranchers  and  residents  in  west  Marin  but 
also  to  residents  and  businesses  in  the 
rationed  service  area  of  MMWD. 

Federal  Programs  of  Assistance 
to  Ranchers 

In  conjunction  with  the  county  water 
hauling  program,  ranchers  impacted  by 
the  drought  were  greatly  assisted  by 
special  drought  relief  programs  of  the 
Federal  Government. 

The  Emergency  Livestock  Feed  Program, 
administered  by  the  Agricultural 
Stabiliization  and  Conservation  Service, 
made  grants  of  $901,860  to  120  ranchers 
in  Marin  County  to  assist  in  paying  for 
livestock  fodder  purchased  during  the 
drought.  In  addition,  34  ranchers  re- 
ceived grants  totalling  $57,683  from  the 
Drought,  Flood  and  Conservation  Program 
authorized  May  4,  1977,  to  improve  water 
supply  on  their  ranches.  Grants  were 
made  for  drilling  wells,  developing 
springs,  water  piping,  and  water  troughs, 
and  in  a  few  instances  for  enlarging  and 
constructing  dams. 

The  Farmers  Home  Administration  advised 
the  Department  in  the  spring  of  1979 
that  Marin  County  ranchers  were  continu- 
ing to  apply  for  matching  grant  funds  to 
drill  wells  and  build  dams  under  the 
Administration's  regular  conservation 
program. 
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CHAPTER  7.  AFTERMATH  OF  THE  DROUGHT 


Water  conservation,  an  unrealized  ethic 
before  the  drought  In  Marin  County,  be- 
came a  necessity  during  the  drought, 
and  has  now  evidently  become  a  continu- 
ing reality.  The  mandatory  rationing, 
pricing  measures ,  and  intensive  conser- 
vation program  employed  by  MMWD  during 
the  drought  were  highly  effective,  re- 
ducing community  water  consumption  by 
63  percent. 

The  effects  of  these  measures  obviously 
persist,  because  the  return  to  normal 
water  conditions  in  1978  did  not  bring 
a  return  to  predrought  water  use.  Water 
use  in  1978  was  still  down  35  percent 
and  indications  are  that  future  annual 
water  consumption  will  continue  at  a 
level  somewhere  well  below  predrought 
days.   Water  use  in  MMWD  from  November  1, 
1978,  through  July  1979  indicates  that 
consumption  in  1979  will  be  around  25 
percent  below  predrought  use. 

These  reduced  rates  of  use  following  the 
drought  were  somewhat  of  a  surprise  to 
MMWD.   The  District  anticipated  that 
consumption  in  1978  would  be  reduced 
overall  about  20  percent,  primarily  as 
a  result  of  plumbing  changes  made  during 
the  drought.   Budgets  drawn  up  in  early 
1978  were  based  on  a  possible  water  con- 
sumption reduction  of  25  percent  in  the 
first  half  of  1978  and  15  percent  in  the 
second  half.  When  water  use  stayed  well 
below  those  estimates,  so  of  course  did 
revenues,  and  MMWD  found  itself  in  a 
pinch  between  lowered  revenues,  mounting 
costs,  and  the  desire  to  continue  saving 
water. 

The  result  is  that  the  drought  has  forced 
a  complete  reanalysls  of  the  water  pic- 
ture in  Marin  County.  Water  conservation 
is  now  an  Integral  part  of  water  demand 
projections  and  facilities  planning  for 
MMWD  and  the  North  Marin  County  Water 
District,  the  County's  two  largest  water 
utilities. 


Continuing  Water  Conservation 
in  Marin  County 

With  a  35  percent  reduction  in  use  in 
1978  and  an  apparent  25  percent  reduc- 
tion in  1979,  Marin  water  users  are 
demonstrating  that  water  conservation 
can  be  a  way  of  life.  Many  water-saving 
techniques  and  devices  employed  both 
indoors  and  outdoors  during  the  drought 
are  still  in  use,  saving  water,  energy, 
and  money  with  very  little  expense  or 
Inconvenience  on  the  part  of  the  consumer. 

Indoor  Water  Conservation 

While  graywater  use  has  largely  been 
dispensed  with,  many  households  still 
practice  a  wide  variety  of  conservation 
measures.  MMWD  estimates  that  more  than 
80  percent  of  households  and  firms  are 
using  the  water- conserving  devices — low 
flow  shower  heads,  flow  restrlctors, 
toilet  tank  plastic  bottles — that  were 
issued  free  by  the  District  during  the 
drought.  Many  households  are  also  using 
shower  shutoff  valves,  which  allow  users 
to  turn  off  water  for  lathering  without 
a  temperature  readjustment  (a  25  percent 
water  and  energy  saver);  faucet  aerators, 
which  reduce  water  use  by  10  percent; 
and  Insulated  hot  water  pipes,  which 
help  eliminate  heat  loss.  Tissues  and 
cigarette  butts  are  thrown  in  the  trash 
rather  than  flushed  down  the  toilet. 
Shavers  fill  the  sink  with  water  rather 
than  leave  the  tap  running,  using  3.8 
litres  (1  gallon)  of  water  instead  of 
19  litres  (5  gallons). 

Outdoor  Water  Conservation 

Gutter  flooding  is  a  thing  of  the  past. 
Community  attitudes,  peer  pressure,  re- 
inforce the  abolition  of  gutter  flooding 
and  the  washing  of  sidewalks  and  pave- 
ments by  hosing.  Cars  and  boats  are 
seldom  washed  with  a  running  hose. 
Detection  and  quick  remedy  of  water  leaks 


33 


is  a  prevailing  practice  in  household 
and  distribution  systems. 

Outdoor  watering  devices  are  also  in 
widespread  use  and  include  automatic 
pistol  grip  shut  off  hose  nozzles,  secure 
hose  connections  with  washers  in  good 
repair,  inexpensive  timers  that  auto- 
matically shut  off  hoses,  drip  irriga- 
tion equipment  for  shrubs  and  ground 
covers,  and  root  feed  irrigators  for  deep 
watering  and  fertilizing  of  shrubs  and 
plants. 

Landscapes  are  not  irrigated  as  much  as 
they  used  to  be.   There  has  been  a  dra- 
matic trend  away  from  sprinkling  lawns 
during  the  day  when  evaporation  rates 
are  high.   Sprinkling  occurs  in  the  early 
morning  and  evening,  with  timed  automatic 
sprinkling  becoming  popular.  Also,  the 
community  has  been  slow  to  replace  lawns 
that  died  out  during  the  drought.   There 
is  an  increasing  trend  to  drought- toler- 
ant plants  in  combination  with  rock, 
gravel,  and  tanbark  in  place  of  former 
grassed  areas.   Small  lawns  strategically 
placed  for  effect  have  in  some  instances 
replaced  previously  expansive  lawns. 


At  the  end  of  the  summer  of  1978,  many 
brown  lawns  were  still  evident.   Tardi- 
ness to  replant  lawns  has  been  attribu- 
ted at  least  partly  to  a  "wait  and  see" 
attitude  regarding  the  1979  water  supply. 
In  any  event,  brown  lawns  are  no  longer 
as  socially  irresponsible  as  they  once 
were  and  detract  little  if  any  from  the 
sale  price  of  a  house  in  Marin  County. 

Water  Conservation  by  Businesses 

The  various  conservation  measures,  mainly 
plumbing  alterations,  taken  during  the 
drought  by  restaurants,  car  washes, 
laundries,  motels,  business  offices,  and 
public  agencies  contributed  to  the  re- 
duction in  water  consumption  in  1978. 
Water  is  still  not  served  in  restaurants, 
unless  requested.   The  retrofitting  and 
repltmibing  of  dishwashing  equipment  in 
restaurants  and  of  clothes  washing  equip- 
ment in  laundries  doubtless  remain  in 
operation.   Vehicles  are  not  washed  as 
frequently  and  not  as  much  water  is  used 
in  each  washing. 

A  strict  reading  of  water  consumption 
indicates  that  businesses,  like  resi- 
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dents,  are  still  conserving  water. 
However,  the  extent  to  which  each  sector 
has  been  retrofitted  to  save  water  and 
how  present  water  use  practices  are 
likely  to  affect  future  water  demands 
can  be  ascertained  only  by  a  survey  of 
different  business  establishments  and 
residents.   The  households,  firms,  and 
public  agencies  responding  to  DWR's 
questionnaire  In  March  1977  have  not 
been  resurveyed,  but  a  resurvey  at  some 
later  date  would  provide  valuable  addi- 
tional Insight  Into  the  continuation 
of  a  community's  drought  consciousness. 


Irrigation  equipment  of  $183,000  will 
be  recovered  In  5  years  from  savings  In 
water  costs.   As  the  price  of  MMWD's 
water  rises  In  the  future,  large  resi- 
dential Irrigators  and  establishments 
In  the  service  and  public  sectors  may 
develop  ground  water  supplies  wherever 
feasible.   Substitution  of  a  water 
source,  a  vital  measure  taken  during  the 
drought  to  offset  MMWD's  critically 
short  supply,  Is  now  working  to  reduce 
MMWD's  summer  water  sales  and  contrib- 
uting to  the  present  cost-revenue  squeeze 
for  the  District. 


Water  Wells 


Cost  and  Revenues 


Drilling  a  new  well  Is  not  a  water  con- 
servation measure  as  such,  but  ground 
water  from  Individual  wells  does  reduce 
demands  on  the  water  utilities.   Ground 
water  In  Marin  County  Is  not  a  major 
source  of  supply.   Nonwaterbearlng  rock 
underlies  most  of  the  county,  and  as  a 
result  ground  water  supplies  are  spotty 
and  quantities  generally  low.  Many 
successful  wells  have  been  drilled  In 
Marin  County,  but  the  Incidence  of  dry 
holes  Is  high. 

During  the  drought,  a  number  of  resi- 
dents, the  City  of  San  Rafael,  and  two 
large  high  schools  drilled  wells  and 
watered  lawns  and  gardens,  city  parks, 
and  playgrounds  with  new-found  ground 
water.  Drilling  of  new  wells  Is  still 
going  on  In  MMWD's  service  area,  al- 
though the  rate  has  greatly  declined 
since  the  drought.  MMWD  estimates  that 
1  234  cubic  dekametres  (1,000  acre-feet) 
Is  supplied  by  these  substitute  sources 
and  that  ground  water  users  will  continue 
to  use  these  wells  for  summer  watering  of 
landscapes  while  the  water  Is  available 
and  the  plumbing  and  Irrigation  systems 
remain  operative.   It  Is  currently 
cheaper  to  remain  on  a  home  ground  water 
supply  than  to  use  MMWD  water  at  83  cents 
per  2.83  cubic  metres  (100  cubic  feet). 


The  City  of  San  Rafael  will  continue  to 
use  the  wells  It  drilled  during  the 
drought  to  water  five  city  parks.   Its 
capital  Investment  in  wells,  pumps,  and 


MMWD  got  caught  in  a  cost- revenue  squeeze 
following  the  drought.   Operating  costs 
were  up  because  of  inflation  and  the 
expense  of  continuing  water  conservation 
measures,  among  other  things,  and  reve- 
nues were  down  because  water  rates  had 
been  dropped  back  from  the  high  drought- 
days  charge,  water  use  was  still  surpris- 
ingly low  in  spite  of  the  good  water 
supply,  and  people  were  drawing  on  their 
"water  bank  account",  credits  they  had 
accumulated  in  1977  by  using  less  than 
their  allotments.   In  1978,  when  water 
was  plentiful,  users  were  rewarded  for 
their  thrift  by  getting  water  at  a  dis- 
count rate.   The  water  bank  program  was 
a  very  effective  drought  measure,  but 
it  added  to  the  district's  revenue 
problems  when  the  drought  was  over. 

Cost  Reduction 

The  reduced  rate  of  water  use  has  itself 
saved  money.   In  1978,  with  water  con- 
suiiq>tion  running  33  percent  below  pre- 
drought  levels,  MMWD's  electrical  energy 
requirement  for  treatment  and  distribu- 
tion of  water  was  down  37  percent  —  a 
total  of  1,300,000  kilowatt  hours  — 
sufficient  energy  to  supply  220  Marin 
homes  for  a  year.  Reduced  consumption, 
if  It  stays  reduced,  also  means  that 
MMWD  can  defer  the  construction  of  ex- 
pensive additional  facilities  for  future 
water  supply,  a  deferral  of  an  invest- 
ment exceeding  $11  million  (1978  dollars). 
This  estimate  Is  based  on  the  assumption 
that  conservation  allows  a  deferral  of 
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7  154  cubic  dekametres  (5,800  acre-feet) 
of  water  supply  and  that  amount  will  in- 
volve a  capital  outlay  equivalent  to 
that  required  to  raise  Kent  Lake  —  a 
water  supply  alternative  under  active 
consideration  by  MMWD. 

However,  to  take  full  advantage  of  the 
opportunity  to  reduce  costs,  the  dis- 
trict has  to  reappraise  not  only  the 
day-to-day  operations  but  also  the 
total  system  of  charging  fees  for  the 
many  public  services  provided  by  the 
utility  in  serving  water  to  its  custom- 
ers.  Connecting  water  to  the  service 
outlet,  turning  off  a  water  service, 
and  the  detection  and  repair  of  house- 
hold water  leaks  are  but  a  few  of  these 
services. 


Service  Fees 


In  addition  to  overhauling  the  schedule 
of  fees  for  services,  MMWD  is  also  asses- 
sing the  efficacy  of  various  water 
pricing  schemes. 


Pricing 

It  is  not  only  for  these  reasons  MMWD 
must  patiently  and  cautiously  ponder 
whether  and  how  much  to  increase  the 
price  of  water.   After  all,  the  community 
has  demonstrated  an  amazing  ability  to 
reduce  its  water  consumption  drastically. 
There  is  no  certainty  that  raising  the 
price  will  bring  in  the  sought  increment 
in  revenue.   It  is  a  volatile  situation 
where  a  price  increase  could  more  than 
proportionally  decrease  the  total  quantity 
of  water  demanded.   Consequently,  revenue 
might  fall  short  of  the  expected  gain, 
remain  the  same,  or  even  decline. 


In  the  future,  the  service  fee  structure 
may  undergo  changes  in  order  to  better 
reflect  actual  costs.   In  the  past,  the 
charge  for  a  service  was  a  nominal  or 
standard  fee  or  the  service  was  free 
to  the  individual  customer;  the  costs 
of  such  services  were  spread  over  all 
users.   In  some  cases,  service  such 
as  a  water  connection  is  quite  costly, 
involving  considerable  engineering 
time.   A  fee  of  $3  is  charged  to  turn 
off  a  water  service  but  the  actual 
cost  to  MMWD  is  about  $13.   In  the 
future,  the  costs  of  these  services 
will  not  be  lumped  into  the  costs  of 
operating  the  utility.   Customers  will 
pay  the  full  costs  for  the  particular 
service  they  are  provided. 

Insofar  as  water  conservation  is  con- 
cerned, it  is  expected  that  the  new 
scheme  of  charging  fees  will  have  varying 
effects.   Charging  the  actual  cost  of  a 
connection  to  a  customer  could  tend  to 
dampen  the  rate  of  water  connections  and 
be  conservation- inducing,  while  a  fee 
for  household  leak  detection  and  repair 
would  work  counter  to  water  conservation. 


Doubtless  a  price  hike  would  reinforce 
a  tendency  for  relatively  heaA^y  water 
users,  such  as  cities,  schools,  golf 
courses,  prisons,  hospitals,  restaurants, 
and  other  service  establishments,  to 
restrict  water  consumption  still  further. 
The  effect  upon  revenue  of  raising  price 
is  simply  not  known  for  each  of  the 
different  classes  of  water  users.  The 
efficacy  of  a  price  increase  as  well  as 
a  change  in  the  present  pricing  system 
is  now  being  closely  studied  with  the 
objective  of  relieving  the  revenue  pinch. 

Revenue  is  derived  from  the  quantity  of 
water  consumed  by  users,  multiplied  by 
unit-price  which  now  stands  at  83  cents 
per  2.8  cubic  metres  (100  cubic  feet). 
MMWD's  prerogative  to  raise  the  unit 
price  is  tempered  by  the  realization 
that  MMWD's  price  is  the  highest  in  the 
San  Francisco  Bay  Area.   To  raise  the 
price  could  be  extremely  unpopular,  if 
not  politically  infeasible,  in  a  commu- 
nity aware  that  water  sells  for  47  cents 
per  2.8  cubic  metres  (100  cubic  feet)  in 
San  Francisco.  Besides,  raising  the 
price  of  water  is  difficult  to  explain 
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when  once  drought-emptied  reservoirs  are 
now  brimming  over. 


Future  Water  Demand  and  Supply 

The  drought  and  the  conservation  measures 
taken  to  counter  it  not  only  affect  pres- 
ent demands  for  water  in  the  District 
but  also  serve  as  factors  in  shaping 
future  water  supply  plans  and  projec- 
tions of  future  demands. 

As  a  result  of  the  drought,  MMWD  in 
planning  future  supply  had  first  to 
recalculate  the  net  safe  yield  of  its 
existing  water  supply,  which  comes  from 
the  runoff  into  five  reservoirs,  plus 
the  Soulejule  Reservoir  and  the  inter- 
tie  with  the  North  Marin  County  Water 
District.   Net  safe  yield  is  usually 
defined  as  the  amount  of  water  that 
can  be  drawn  from  a  source  over  a  long 
period  of  time  without  totally  deplet- 
ing the  storage.   Previous  rainfall 
and/or  runoff  records  over  long  per- 
iods of  time,  including  dry  cycles, 
are  the  basis  for  estimating  net  safe 
yield. 

The  net  safe  yield  of  MMWD's  supply  was 
estimated  to  be  43  173  cubic  dekametres 
(35,000  acre-feet)  prior  to  the  drought. 
This  yield,  however,  dropped  to  32  318 
cubic  dekametres  (26,200  acre-feet) 
annually  v^en  runoff  for  the  drought 
years  of  1976  and  1977  entered  the 
calculations.  Up  to  the  time  of  the 
drought,  the  supply  then  existing  was 
projected  to  provide  for  MMWD  water 
needs  until  1995.  Predrought  annual 
water  demand  was  39  719  cubic  dekametres 
(32,200  acre-feet). 

MMWD's  plan  for  future  water  supply 
management  illustrates  that  while  con- 
servation and  waste  water  reclamation 
are  significant  elements  in  the  demand- 
supply  picture,  additional  sources  have 
to  be  developed  if  water  demands  pro- 
jected to  the  year  2000  are  to  be  satis- 
fled.  Conservation  does  delay  the  ini- 


tiation of  water  supply  projects  with 
substantial  savings  in  capital  and  debt 
servicing  costs.  But,  in  a  district  with 
expanding  water  demands,  conservation 
doesn't  eliminate  the  eventual  need  for 
additional  sources  of  supply  even  though 
some  in  the  community  may  still  feel 
that  conservation  and  waste  water  re- 
clamation will  be  adequate  to  satisfy 
future  demands.  In  general,  the  com- 
munity is  now  more  informed  on  water 
issues;  the  majority  of  users  have  voted 
for  bond  issues  that  allow  MMWD  to  plan 
for  the  development  of  additional 
sources.  The  feeling  now  apparently  is 
that  even  with  conservation  and  waste 
water  reclamation,  new  water  supplies 
are  necessary  if  only  to  avoid  or  reduce 
the  degree  of  inconvenience  and  hardship 
that  could  result  from  another  drought 
as  severe  as  the  one  in  1976-77. 

MMWD  proposes  to  increase  its  water 
supply  by: 


1.  Negotiating  for  5  300  cubic  dekametres 
(4,300  acre-feet)  of  storage  capacity 
in  Warm  Springs  Dam  on  the  Russian 
River  to  permit  near-capacity  use  of 
the  existing  intertie  with  the  North 
Marin  County  Water  District.   The 
intertie  has  a  delivery  capability  of 
6  168  cubic  dekametres  (5,000  acre- 
feet)  .  Existing  agreements  and  facil- 
ities allowed  an  average  delivery  of 

3  577  cubic  dekametres  (2,900  acre- 
feet)  during  the  1975-77  drought. 
The  proposal  to  buy  storage  capacity 
in  Warm  Springs  means  an  increased 
yield  of  1  727  cubic  dekametres 
(1,400  acre-feet). 

2.  Raising  Peters  Dam  by  14  metres 
(45  feet)  to  increase  storage  in 
Kent  Lake  19  736  cubic  dekametres 
(16,000  acre- feet)  to  give  increased 
net  safe  yield  of  6  168  cubic  deka- 
metres (5,000  acre-feet),  with  987 
cubic  dekametres  (800  acre-feet)  of 
that  for  stream  release  during  dry 
weather  to  enhance  fish  and  wildlife. 
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MMWD's  water  demand  and  supply  picture 
for  the  year  2000  is  projected  as 
follows: 


Demand 

In  cubic  dekametres  (acre-feet) 

Supply 

Projected  48  107 
(39,000) 

Present  net  safe  yield 
(reservoirs  and  intertie) 

32  318 
(26,200) 

"Cushion"   3  700 
(3,000) 

Conservation  and  new  development 

2  097 
(1,700) 

Conservation  carryover 

6  291 
(5,100) 

Waste  water  reclamation 

2  467 
(2,000) 

Increment  in  Russian  River  supply 

1  727 
(1,400) 

Increment  in  Kent  Reservoir  supply 

5  181 
(4,200) 

Phoenix-Bon  Tempe  Transfer  Project 
(in  construction) 

493 
(400) 

51  807 
(42,000) 

51  810 
(42,000) 

Present  supply  including  the  Phoenix-Bon 
Tempe  transfer  project  under  construction 
amounts  to  32  811  cubic  dekametres 
(26,600  acre-feet).  An  additional 
18  996  cubic  dekametres  (51,400  acre- 
feet)  therefore  is  required  to  match 
projected  demand,  including  the  cushion 
of  3  700  cubic  dekametres  (3,000  acre- 
feet).   Of  the  18  936  cubic  dekametres 
(15,400  acre-feet)  required  to  meet  pro- 
jected demands  in  the  year  2000,  conser- 
vation, leak  detection,  and  waste  water 
reclamation  constitute  12  088  cubic 
dekametres  (9,800  acre- feet) ,  or  63 
percent. 

The  water  demand-supply  sitxiation  pro- 
jected for  year  2000  employs  "best 
estimates"  of  attainable  future  water 
conservation  and  the  consumption  levels 


that  are  likely  to  endure.   In  addition 
to  the  projected  demand  for  the  year 
2000  of  48  107  cubic  dekametres  (39,000 
acre-feet) ,  the  Board  of  Directors  of 
MMWD  has  added  3  700  cubic  dekametres 
(3,000  acre-feet)  as  a  "cushion"  —  a 
margin  of  safety  to  minimize  future  ra- 
tioning in  the  event  of  a  severe  drought 
and  in  case  conservation  and  waste  water 
reclamation  do  not  reach  their  expected 
goals  set  out  above. 

Factors  Obscuring  Emergent 
Water  Demands 

In  any  major  water  study,  the  projection 
of  future  water  demand  is  a  first  cru- 
cial step.   And  as  is  clear  from  MMWD's 
attempt  to  predict  demand  and  the  ulti- 
mate levels  of  conservation,  several 
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Imponderables  are  complicating  the  pre- 
dictions. 

The  Future  Mix  of  Residential,  Light 
Industrial,  and  Public  Uses.  Although 
consumption  by  the  residential  sector 
dominates  the  total  consumption  picture, 
three  other  sectors  —  the  commercial, 
industrial,  and  public  use  sectors  — 
are  significant  water  users,  and  each 
is  not  immune  to  the  evolving  pattern 
and  density  of  commercial  and  residential 
areas.—   Although  the  expansion  and 
proliferation  of  new  residential  areas 
is  limited  in  MMWD's  service  area,  the 
Impact  of  changing  income  and  rising 
prices  for  water  and  energy  in  the  future 
still  have  to  be  reckoned  with  in  any 
objective  appraisal  of  future  water 
consumption. 

Aside  from  the  promotion  of  conservation, 
several  influences  in  the  service  area 
point  to  eventual  permanent  reduction 
of  both  public  water  use  and  residential 
water  use.  Per  capita  use  might  be 
presumed  to  decline  from  the  predrought 
level  of  662  litres  (175  gallons)  daily 
as  a  result  of: 

1.  General  changes  In  family  size 
and  age. 

2.  Increased  incidence  of  apartment 
and  condominium  living. 

3.  Smaller  lot  sizes. 

4.  Increasing  efficiency  of  water- 
using  appliances,  especially  the 
technologies  of  water  use  and 
waste  water  reuse  adopted  by 
commercial  and  Industrial  cus- 
tomers . 


5.  More  efficient  (water-saving) 
landscape  irrigation. 

6.  The  efficiency  of  the  pricing 
Incentive,  aided  by  the  increase 
in  future  energy  costs  to  firms 
and  households. 

Rate  of  Population  Growth.   The  dif- 
ficulty in  predicting  the  population  to 
be  served  water  is  reflected  in  the  vari- 
ation in  recent  projections.   In  1973, 
the  Marin  County  Planning  Department 
estimated  the  year  2000  population  of 
MMWD's  service  area  to  be  214,800.  In 
1976,  MMWD,  which  was  then  doing  its  own 
estimating,  projected  a  year  2000  popu- 
lation of  249,000.   Since  the  drought, 
MMWD  is  basing  its  water  demands  on  the 
growth  projections  of  the  Planning 
Department,  which  now  forecasts  199,000 
people  in  MMWD's  service  area  by  the 
year  2000,  living  in  79,550  dwelling 
units  with  a  household  size  of  2.5  per- 
sons.  By  2000,  a  total  water  supply  of 
48  107  cubic  dekametres  (39,000  acre-feet) 
will  be  required  to  match  projected  water 
demands  for  a  population  of  this  size 
consuming  662  litres  (175  gallons)  per 
capita  per  day.  Illustrative  of  the 
problems  of  projection  is  the  fact  that 
while  the  Planning  Department's  popula- 
tion estimates  have  gone  down  in  recent 
years,  the  number  of  new  housing  units 
Is  in  line  with  Its  1973  countywide  plan. 

Given  the  uncertainty  of  many  of  the 
factors  that  make  up  water  demand,  es- 
timating near-future  water  consumption, 
let  alone  that  of  year  2000,  is  a  dif- 
ficult task  at  this  time  in  Marin  County. 
MMWD  feels  that  two  or  more  years  of 
water  use  experience  will  be  required 
before  a  reliable  assessment  of  future 
water  demands  can  be  made. 


1/ 


While  there  are  no  industries  in  MMWD's  service  area  that  can  be  classified  as 
heavy  water  users,  the  commercial  and  service  sectors  contain  many  different 
users  which  the  drought  and  water  rationing  has  shown  to  be  especially  adept 
at  reducing  water  consumption.  The  commercial  and  service  sectors  Include  such 
establishments  as  primary  and  secondary  schools,  colleges,  hospitals,  nursing 
homes,  hotels  and  motels,  office  buildings,  department  stores,  shopping  centers, 
car  washes,  service  stations,  laundries,  restaurants,  clubs,  churches,  and 
barber  and  beauty  shops.  Public  uses  Included  water  used  for  fire  protection, 
street  cleaning,  irrigation  for  public  parks,  and  water  use  In  publicly  owned 
buildings. 
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